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EXOGENOUS NUCLEIC ACID DETECTION 

Description 
Cross-Ref erence to Related Applications 
5 This application is a continuation-in-part 

of U.S. Serial No. 09/358,972, filed on July 21, 
1999, which is a continuation-in-part of U.S. Serial 
No. 09/252,436, filed on February 18, 1999, which is 
a continuation-in-part of U.S. Serial No. 09/042,287, 
10 filed March 13, 1998, all of which are incorporated 
herein by reference . 

Field of the Invention 

The invention relates to nucleic acid 
15 detection. More specifically, the invention relates 
to the detection of a predetermined exogenous nucleic 
acid target sequence in a nucleic acid target/probe 
hybrid, and the various applications of such 
detection . 

20 

Background of the Invention 

Methods to detect nucleic acids provide a 
foundation upon which the large and rapidly growing 
field of molecular biology is built. There is 

25 widespread application of such general methods to the 
detection of specific, exogenous nucleic acids. 
There is constant need for alternative methods and 
products. The reasons for selecting one method over 
another are varied, and include a desire to avoid 

3 0 radioactive materials, the lack of a license to use a 
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technique, the cost or availability of reagents or 
equipment, the desire to minimize the time spent or 
the number of steps, the accuracy or sensitivity 
needed for a certain application, the ease of 
5 analysis, or the ability to automate the process. 

The detection of nucleic acids, including 
specific exogenous nucleic acids, is often a portion 
of a process rather than an end in itself. There are 
many applications of the detection of nucleic acids 
10 in the art, and new applications are always being 
developed. The ability to detect and quantify 
exogenous nucleic acids is useful in detecting 
microorganisms and viruses and biological molecules 
(e.g. non-native promoter or terminator sequences or 
15 foreign genes) in a biological sample, and thus 

affects many fields, including human and veterinary 
medicine, food processing and environmental testing. 
Additionally, the detection and/or quantification of 
specific biomolecules from biological samples (e.g. 
20 tissue, sputum, urine, blood, semen, saliva) has 
applications in medicine and forensic science. 

Hybridization methods to detect nucleic 
acids are dependent upon knowledge of the nucleic 
acid sequence. Many known nucleic acid detection 

2 5 techniques depend upon specific nucleic acid 

hybridization in which an oligonucleotide probe is 
hybridized or annealed to nucleic acid in the sample 
or on a blot, and the hybridized probes are detected. 
A traditional type of process for the 

3 0 detection of hybridized nucleic acid uses labeled 

nucleic acid probes to hybridize to a nucleic acid 
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sample . For example, in a Southern blot technique, a 
nucleic acid sample is separated in an agarose gel 
based on size and affixed to a membrane, denatured, 
and exposed to a labeled nucleic acid probe under 
5 hybridizing conditions. If the labeled nucleic acid 
probe forms a hybrid with the nucleic acid on the 
blot, the label is bound to the membrane. Probes 
used in Southern blots have been labeled with 
radioactivity, fluorescent dyes, digoxygenin, 

10 horseradish peroxidase, alkaline phosphatase and 
acridinium esters. 

Another type of process for the detection 
of hybridized nucleic acid takes advantage of the 
polymerase chain reaction (PCR) . The PCR process is 

15 well known in the art (U.S. Patent Nos . 4,683,195, 

4,683,202, and 4,800,159). To briefly summarize PCR, 
nucleic acid primers, complementary to opposite 
strands of a nucleic acid amplification target 
sequence, are permitted to anneal to the denatured 

2 0 sample. A DNA polymerase (typically heat stable) 

extends the DNA duplex from the hybridized primer. 
The process is repeated to amplify the nucleic acid 
target. If the nucleic acid primers do not hybridize 
to the sample, then there is no corresponding 
25 • amplified PCR product. In this case, the PCR primer 
acts as a hybridization probe. PCR-based methods are 
of limited use for the detection of nucleic acid of 
unknown sequence . 

In a PCR method, the amplified nucleic acid 

3 0 product may be detected in a number of ways, e.g. 

incorporation of a labeled nucleotide into the 
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amplified strand by using labeled primers. Primers 
used in PCR have been labeled with radioactivity, 
fluorescent dyes, digoxygenin, horseradish 
peroxidase, alkaline phosphatase, acridinium esters, 
5 biotin and jack bean urease. PCR products made with 
unlabeled primers may be detected in other ways, such 
as electrophoretic gel separation followed by dye- 
based visualization. 

Enzymes having template-specific polymerase 

10 activity for which some 3'— »5 ' depolymerization 
activity has been reported include E. coli DNA 
Polymerase (Deutscher and Kornberg, J. Biol. Chem. , 
244 (11) :3019-28 (1969)), T7 DNA Polymerase (Wong et 
al., Biochemistry 30:526-37 (1991); Tabor and 

15 Richardson, J. Biol. Chem. 265: 8322-28 (1990)), E. 
coli RNA polymerase (Rozovskaya et al . , Biochem. J. 
224:645-50 (1994)), AMV and RLV reverse 
transcriptases (Srivastava and Modak, J". Biol. Chem. 
255: 2000-4 (1980)), and HIV reverse transcriptase 

20 (Zinnen et a.1 . , J. Biol. Chem. 269:24195-202 (1994)). 

A temp late -dependent polymerase for which 3 ' to 5 1 
exonuclease activity has been reported on a 
mismatched end of a DNA hybrid is phage 29 DNA 
polymerase (de Vega, M. et al . EMBO J., 15 : 1182-1192 , 

25 1996) 

There is a need for highly sensitive, 
diagnostic applications that are capable of 
determining the number of virus molecules present in 
a body ("viral load") . For example, the presence of 
30 viral particles in the circulation system or in 
specific tissues is a means of monitoring the 
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severity of viral infection. Several methods are 
currently used in the art for determining viral load. 
U.S. Patent No. 5,667,964 discloses a method for the 
determination of the number of HIV-1 infected patient 
5 cells using reactive oxygen- intermediate generators. 
U.S. Patent No. 5,389,512 discloses a method for 
determining the relative amount of a viral nucleic 
acid segment in a sample using PCR. 

G. Garinis et al . , J". Clin. Lab. Anal. 

10 13:122-5 (1999) compare the determination of viral 
load results using an enzyme-linked immunosorbent 
assay (ELISA) , a recombinant immunoblot assay (RIBA) , 
and a reverse transcriptase polymerase chain reaction 
method (RT-PCR) in the detection of hepatitis C virus 

15 (HCV) infection in haemodialysis patients. The 
quantitative hepatitis HCV RT-PCR assay had a 
detection level of about 2,000 viral copies/mL serum. 
Holguin et al. , Eur. J. Clin. Microbiol. Infect. Dis . 
18:256-9 (1999) compare plasma HIV-1 RNA levels using 

2 0 several commercially available assays, namely the 

second-generation HIV-1 branched DNA assay, the 
Nuclisens assay, the Amplicor® Monitor reverse 
transcriptase polymerase chain reaction assay, and 
the Ultradirect Monitor. Differing values were noted 
25 in comparing results among these various assays. 

Boriskin et al . , Arch. Dis. Child. 80:132-6 (1999) 
used a nested polymerase chain reaction to measure 
HIV-1 proviral DNA and CMV genomic DNA in peripheral 
blood leukocytes of children infected with HIV-1. 

3 0 There remains a need for a reliable means to detect 

and quantify viral load. There is a demand for 
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methods to determine viral load when the quantities 
of viral particles are very low. 

There is a need for alternative methods for 
detection of nucleic acid hybrids. There is a demand 
for highly sensitive methods that are useful for 
determining the presence or absence of specific 
nucleic acid sequences that are non-native or 
"exogenous" to an organism's nucleic acid. For 
example, there is a need to determine the presence of 
non-native nucleic acid present in a cell, both when 
the non-native nucleic acid is incorporated into the 
native nucleic acid and when it is not incorporated. 
For example, there is a need for methods to determine 
viral load that are able to reliably detect as few as 
10 copies of a virus present in a body, tissue, 
fluid, or other biological sample. There is great 
demand for methods to determine the presence of a 
mutant virus, e.g. a drug-resistant mutant, in a 
biological sample containing a viral population. 
There is great demand for methods to determine the 
presence or absence of non-native sequences unique to 
a particular species in a sample, for example the 
identification of bacterial contamination present in 
a primarily non-bacterial biological sample. There 
is also great demand for methods that are more highly 
sensitive than the known methods, methods that are 
highly reproducible and automatable. 

It would be beneficial if another method 
were available for detecting the presence of a 
sought-after, predetermined exogenous target 
nucleotide sequence. It would also be beneficial if 



such a method were operable using a sample size of 
the microgram to picogram scale . It would further be 
beneficial if such a detection method were capable of 
providing multiple analyses in a single assay 
(multiplex assays) . The disclosure that follows 
provides one such method. 

Brief Summary of the Invention 

A method of this invention is used to 
determine the presence or absence of a predetermined 
exogenous nucleic acid target sequence in a nucleic 
acid sample. Such a method utilizes an enzyme that 
depolymerizes the 3 ' -terminus of an oligonucleotide 
probe hybridized to a nucleic acid target sequence to 
release one or more identifier nucleotides whose 
presence can then be determined. 

One embodiment of the invention 
contemplates a method for determining the presence or 
absence of a predetermined, exogenous nucleic acid 
target sequence in a nucleic acid sample. More than 
one such predetermined target sequence can also be 
present in the sample being assayed, and the presence 
or absence of more than one predetermined nucleic 
acid target sequence can be determined. The 
embodiment comprises the following steps . 

A treated sample is provided that may 
contain a predetermined nucleic acid target sequence 
hybridized with a nucleic acid probe that includes an 
identifier nucleotide in the 3 1 -terminal region. The 
treated sample is admixed with a depolymerizing 
amount of an enzyme whose activity is to release one 



or more nucleotides from the 3 ' -terminus of a 
hybridized nucleic acid probe to form a treated 
reaction mixture. The type of enzyme used for 
nucleotide release will be further identified and 
described herein. The treated reaction mixture is 
maintained under depolymerizing conditions for a time 
period sufficient to permit the enzyme to 
depolymerize hybridized nucleic acid and release 
identifier nucleotides therefrom. The presence of 
released identifier nucleotides is analyzed to obtain 
an analytical output, the analytical output 
indicating the presence or absence of the nucleic 
acid target sequence. The analytical output is 
obtained by various techniques as discussed herein. 

It is contemplated that an analytical 
output of a method of the invention can be obtained 
in a variety of ways. The analytical output can be 
ascertained by luminescence spectroscopy. In some 
preferred embodiments, analysis for released 3<- 
terminal region indicator nucleotides comprises the 
detection of ATP, either by a luciferase detection 
system (luminescence spectroscopy) or an NADH 
detection system (absorbance or fluorescence 
spectroscopy) . In particularly preferred 
embodiments, ATP molecules are formed by a phosphate 
transferring step, for example using an enzyme such 
as NDPK in the presence of ADP, with the phosphate 
group originating from the nucleotide triphosphates 
produced by the depolymerizing step. In other 
embodiments, the ATP produced is amplified to form a 
plurality of ATP molecules. In the ATP detection 
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embodiments, the enzyme nucleoside diphosphate kinase 
(NDPK) is typically present in the depolymerization 
reaction and functions to convert released 
nucleotides and added ADP into ATP, and thus 
5 reactions where the two enzymes are present together, 
are denoted as a "one pot" method. 

In an alternative embodiment, the 
analytical output is obtained by fluorescence 
spectroscopy. Fluorescence can be incorporated or 

10 added to a probe in a number of ways known in the 
art. For example, it is contemplated that an 
identifier nucleotide includes a fluorescent label. 
An identifier nucleotide can be f luorescently labeled 
prior to, or after, release of the identifier 

15 nucleotide. It is also contemplated that other than 
a released identifier nucleotide contains a 
fluorescent tag. In such an embodiment, the release 
of nucleotides in a process of the invention is 
ascertained by a determination of a difference in the 

20 length of the polynucleotide probe, for example by 

capillary electrophoresis imaged by a fluorescent tag 
at the 5 ' terminus of the probe or in a region other 
than the 3' terminal region. 

In an alternative embodiment the analytical 

2 5 output is obtained by mass spectrometry. It is 

preferred here that an identifier nucleotide be a 
nucleotide analog or a labeled nucleotide and have a 
molecular mass that is different from the mass of a 
usual form of that nucleotide, although a difference 

30 in mass is not required. It is also noted that with 
a fluorescent-labeled identifier nucleotide, the 
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analytical output can also be obtained by mass 
spectrometry. It is also contemplated that the 
analysis of released nucleotide be conducted by 
ascertaining the difference in mass of the probe 
5 after a depolymerization step of a process of the 
invention . 

In another alternative embodiment, the 
analytical output is obtained by absorbance 
spectroscopy. Such analysis monitors the absorbance 

10 of light in the ultraviolet and visible regions of 
the spectrum to determine the presence of absorbing 
species. In one aspect of such a process, released 
nucleotides are separated from hybridized nucleic 
acid and other polynucleotides by chromatography 

15 (e.g. HPLC or GC) or electrophoresis (e.g. PAGE or 
capillary electrophoresis) . Either the released 
identifier nucleotide or the remainder of the probe 
can be analyzed to ascertain the release of the 
identifier nucleotide in a process of the invention. 

2 0 In another aspect of such a process a label may be 

incorporated in the analyzed nucleic acid. 

In a contemplated embodiment, a sample to 
be assayed for the presence or absence of an 
exogenous nucleic acid target sequence is admixed 
25 with one or more nucleic acid probes under 

hybridizing conditions to form a hybridization 
composition. The 3 ' -terminal region of the nucleic 
acid probe hybridizes with partial or total 
complementarity to the exogenous nucleic acid target 

3 0 sequence when that sequence is present in the sample. 

The 3 ' -terminal region of the nucleic acid probe 
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includes an identifier nucleotide. The hybridization 
composition is maintained under hybridizing 
conditions for a time period sufficient to form a 
treated sample that may contain said predetermined 
5 nucleic acid target sequence hybridized with a 

nucleic acid probe. The treated sample is admixed 
with a depolymerizing amount of an enzyme whose 
activity is to release one or more nucleotides from 
the 3 ' -terminus of a hybridized nucleic acid probe to 

10 form a treated reaction mixture. The treated 

reaction mixture is maintained under depolymerizing 
conditions for a time period sufficient to permit the 
enzyme to depolymerize hybridized nucleic acid and 
release identifier nucleotides therefrom. The 

15 presence of released identifier nucleotides is ' 
analyzed to obtain an analytical output, the 
analytical output indicating the presence or absence 
of the nuclexc acid target sequence. The analytical 
output may be obtained by various techniques as 

2 0 discussed above. 

One method of the invention contemplates 
interrogating the presence or absence of a specific 
base in an exogenous nucleic acid target sequence in 
a sample to be assayed, and comprises the following 

2 5 steps. 

A hybridization composition is formed by 
admixing a sample to be assayed with one or more 
nucleic acid probes under hybridizing conditions. 
The sample to be assayed may contain an exogenous 

3 0 nucleic acid target sequence to be interrogated. The 

nucleic acid target comprises at least one base whose 
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presence or absence is to be identified. The 
hybridization composition includes at least one 
nucleic acid probe that is substantially- 
complementary to the nucleic acid target sequence and 
5 comprises at least one predetermined nucleotide at an 
interrogation position, and an identifier nucleotide 
in the 3' terminal region. 

A treated sample is formed by maintaining 
the hybridization composition under hybridizing 

10 conditions for a time period sufficient for base 
pairing to occur when a probe nucleotide at an 
interrogation position is aligned with a base to be 
identified in the target sequence. A treated 
reaction mixture is formed by admixing the treated 

15 sample with an enzyme whose activity is to release 
one or more identifier nucleotides from the 3 ' 
terminus of a hybridized nucleic acid probe to 
depolymerize the hybrid. The treated reaction 
mixture is maintained under depolymerizing conditions 

2 0 for a time period sufficient to permit the enzyme to 

depolymerize the hybridized nucleic acid and release 
an identifier nucleotide. 

An analytical output is obtained by 
analyzing for the presence or absence of released 
25 identifier nucleotides. The analytical output 

indicates the presence or absence of the specific 
base or bases to be identified. The analytical 
output is obtained by various techniques as discussed 
herein. Preferably, an identifier nucleotide is at 

3 0 the interrogation position. 
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In one aspect of a method of the invention, 
the nucleic acid target sequence is selected from 
the group consisting of deoxyribonucleic acid and 
ribonucleic acid. 
5 In another aspect of the invention, the 

sample containing a plurality of target nucleic acid 
sequences is admixed with a plurality of the nucleic 
acid probes . Several analytical outputs can be 
obtained from such multiplexed assays. 

10 In a first embodiment, the analytical 

output obtained when at least one nucleic acid probe 
hybridizes with partial complementarity to one target 
nucleic acid sequence is greater than the analytical 
output when all of the nucleic acid probes hybridize 

15 with total complementarity to their respective 
nucleic acid target sequences. In a second 
embodiment, the analytical output obtained when at 
least one nucleic acid probe hybridizes with partial 
complementarity to one target nucleic acid sequence 

2 0 is less than the analytical output when all of the 

nucleic acid probes hybridize with total 
complementarity to their respective nucleic acid 
target sequences. In a third embodiment, the 
analytical output obtained when at least one nucleic 
25 acid probe hybridizes with total complementarity to 
one nucleic acid target sequence is greater than the 
analytical output when all of the nucleic acid probes 
hybridize with partial complementarity to their 
respective nucleic acid target sequences. In a 

3 0 fourth embodiment, the analytical output obtained 

when at least one nucleic acid probe hybridizes with 
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total complementarity to one target nucleic acid 
sequence is less than the analytical output when all 
of the nucleic acid probes hybridize with partial 
complementarity to their respective nucleic acid 
5 target sequences. The depolymerizing enzymes are as 
described herein. 

Yet another embodiment of the invention 
contemplates a method for determining the presence or 
absence of a first exogenous nucleic acid target in a 

10 nucleic acid sample that may contain that target or 
may contain a substantially identical second target. 
For example, the second target may have a base 
substitution, deletion or addition relative to the 
first nucleic acid target. This embodiment comprises 

15 the following steps. 

A sample to be assayed is admixed with one 
or more nucleic acid probes under hybridizing 
conditions to form a hybridization composition. The 
first and second nucleic acid targets each comprise a 

2 0 region of sequence identity except for at least a 

single nucleotide at a predetermined position that 
differs between the targets. The nucleic acid probe 
is substantially complementary to the nucleic acid 
target region of sequence identity and comprises at 
25 least one nucleotide at an interrogation position. 
An interrogation position of the probe is aligned 
with the predetermined position of a target when a 
target and probe are hybridized. The probe also 
includes an identifier nucleotide in the 3 ' -terminal 

3 0 region. 



-15- 



The hybridization composition is maintained 
under hybridizing conditions for a time period 
sufficient to form a treated sample wherein the 
nucleotide at the interrogation position of the probe 
5 is aligned with the nucleotide at the predetermined 
position in the region of identity of the target. 

A treated reaction mixture is formed by 
admixing the treated sample with a depolymerizing 
amount of an enzyme whose activity is to release one 

10 or more nucleotides from the 3' -terminus of a 

hybridized nucleic acid probe. The reaction mixture 
is maintained under depolymerization conditions for a 
time period sufficient to permit the enzyme to 
depolymerize the hybridized nucleic acid and release 

15 the identifier nucleotide. 

An analytical output is obtained by 
analyzing for the presence or absence of released 
identifier nucleotides. The analytical output 
indicates the presence or absence of the nucleotide 

20 at the predetermined region, and; thereby, the 

presence or absence of a first nucleic acid target. 

One aspect of the above method is comprised 
of a first probe and a second probe. The first probe 
comprises a nucleotide at an interrogation position 

25 that is complementary to a first nucleic acid target 
at a predetermined position. The second probe 
comprises a nucleotide at an interrogation position 
that is complementary to a second nucleic acid target 
at a predetermined position. 

3 0 In another aspect of a process of the 

invention, the depolymerizing enzyme, whose activity 
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is to release nucleotides, is a template -dependent 
polymerase, whose activity is to depolymerize 
hybridized nucleic acid, whose 3 1 -terminal nucleotide 
is matched, in the 3 ' -»5 ' direction in the presence of 
5 pyrophosphate ions to release one or more 

nucleotides. Thus, the enzyme's activity is to 
depolymerize hybridized nucleic acid to release 
nucleotides under depolymerizing conditions. 
Preferably, this enzyme depolymerizes hybridized 
10 nucleic acids whose bases in the 3 ' -terminal region 
of the probe are matched with total complementarity 
to the corresponding bases of the nucleic acid 
target . 

In an alternative aspect of the process of 
15 the invention, the depolymerizing enzyme, whose 

activity is to release nucleotides, exhibits a 3 * ->5 1 
exonuclease activity in which hybridized nucleic 
acids having one or more mismatched bases at the 3 ' - 
terminus of the hybridized probe are depolymerized . 

2 0 Thus, the enzyme's activity is to depolymerize 

hybridized nucleic acid to release nucleotides under 
depolymerizing conditions. In this embodiment, the 
hybrid can be separated from the free probe prior to 
enzyme treatment. In some embodiments, an excess of 
25 target may be used so that the concentration of free 
probe in the enzyme reaction is extremely low. 

In still another alternative aspect of a 
process of the invention, the depolymerizing enzyme 
exhibits a 3' to 5 1 exonuclease activity on a double- 

3 0 stranded DNA substrate having one or more matched 

bases at the 3' terminus of the hybrid. The enzyme's 
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activity is to depolymerize hybridized nucleic acid 
to release nucleotides containing a 5 1 phosphate 
under depolymerizing conditions. 

In particularly preferred embodiments, ATP 
5 molecules are formed by a phosphate transferring 

step, (e.g. using the enzyme NDPK in the presence of 
ADP) , from the deoxynucleoside triphosphates (dNTPs) 
producerd by the depolymerizing step. In some 
embodiments, the ATP can be amplified to form a 
10 plurality of ATP molecules. Thermostable nucleoside 
diphosphate kinases are particularly preferred when 
an NDPK enzyme is used. 

In one aspect of the invention, the nucleic 
acid sample to be assayed is obtained from a 
15 biological sample that is a solid or liquid. 

In one aspect of the method, the 
predetermined nucleic acid target sequence is present 
in the sample for the purpose of gene therapy. 

In one aspect of the method, the 

2 0 predetermined nucleic acid target sequence is a 

microbial or viral nucleic acid. 

In some preferred embodiments of the 
invention, the predetermined nucleic acid target 
sequence is a viral nucleic acid. Viral load, the 
25 amount of virus present, can be determined from the 
magnitude of the analytical output from a 
predetermined amount of biological sample such as 
animal fluid or tissue. 

In some preferred embodiments, the presence 

3 0 or absence of a mutation in the viral genome can be 

determined . 
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In another aspect of the method, the 
nucleic acid sample is obtained from a food source. 
In one process of the method, the food source is a 
plant or is derived from plant material, and the 
5 predetermined nucleic acid target sequence is a 

sequence not native to that plant. In one aspect of 
the method, the nucleic acid sequence not native to 
the subject plant is a transcription control 
sequence . In one preferred embodiment of the 
10 invention, the transcription control sequence is the 
35S promoter or the NOS terminator, or both. 

A still further embodiment of the invention 
contemplates determining the presence or absence of 
an exogenous nucleic acid target sequence in a 
15 nucleic acid sample with a probe that is hybridized 
to the target and then modified to be able to form a 
hairpin structure. This embodiment comprises the 
following steps. 

A treated sample is provided that contains 

2 0 a nucleic acid sample that may include an exogenous 

nucleic acid target sequence having an interrogation 
position hybridized with a nucleic acid probe. The 
probe is comprised of at least two sections. The 
first section contains the probe 3 1 -terminal about 10 
25 to about 30 nucleotides. These nucleotides are 
complementary to the target strand sequence at 
positions beginning about 1 to about 3 0 nucleotides 
downstream of the interrogation position. The second 
section of the probe is located at the 5 ' -terminal 

3 0 region of the probe and contains about 10 to about 2 0 

nucleotides of the target sequence. This sequence 
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spans the region in the target from the nucleotide at 
or just upstream (5') of the interrogation position, 
to the nucleotide just upstream to where the 3 1 - 
terminal nucleotide of the probe anneals to the 
5 target. An optional third section of the probe, from 
zero to about 5 0 nucleotides, and preferably about 
zero to about 2 0 nucleotides in length, and 
comprising a sequence that does not hybridize with 
either the first or second section, is located 

10 between the first and second sections of the probe. 

The probe of the treated sample is extended 
in a template -dependent manner, as by admixture with 
dNTPs and a template-dependent polymerase, at least 
through the interrogation position, thereby forming 

15 an extended probe/target hybrid. In a preferred 
embodiment, the length of the probe extension is 
limited by omission from the extension reaction of a 
dNTP complementary to a nucleotide of the target 
sequence that is present upstream of the 

2 0 interrogation position and absent between the 

nucleotide complementary to the 3 '-end of the 
interrogation position. 

The extended probe/ target hybrid is 
separated from any unreacted dNTPs . The extended 
25 probe/ target hybrid is denatured to separate the 

strands. The extended probe strand is permitted to 
form a hairpin structure . 

A treated reaction mixture is formed by 
admixing the hairpin structure-containing composition 

3 0 with a depolymerizing amount of an enzyme whose 

activity is to release one or more nucleotides from 
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the 3 1 -terminus of an extended probe hairpin 
structure. The reaction mixture is maintained under 
depolymerizing conditions for a time period 
sufficient for the depolymerizing enzyme to release 
5 3' -terminus nucleotides, and then analyzed for the 
presence of released identifier nucleotides. The 
analytical output indicates the presence or absence 
of the exogenous nucleic acid target sequence. 

A still further embodiment of the 

10 invention, termed REAPER™ , also utilizes hairpin 

structures. This method contemplates determining the 
presence or absence of an exogenous nucleic acid 
target sequence, or a specific base within the target 
sequence, in a nucleic acid sample, and comprises the 

15 following steps. A treated sample is provided that 
contains a nucleic acid sample that may include an 
exogenous nucleic acid target sequence hybridized 
with a first nucleic acid probe strand. 

The hybrid is termed the first hybrid. The 

2 0 first probe is comprised of at least two sections. 
The first section contains the probe 3' -terminal 
about 10 to about 3 0 nucleotides that are 
complementary to the target nucleic acid sequence at 
a position beginning about 5 to about 3 0 nucleotides 

2 5 downstream of the target interrogation position. The 

second section of the first probe contains about 5 to 
about 3 0 nucleotides that are a repeat of the target 
sequence from the interrogation position to about 10 
to about 30 nucleotides downstream of the 

3 0 interrogation position, and does not hybridize to the 

first section of the probe. An optional third 
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section of the probe, located between the first and 
second sections of the probe, is zero to about 5 0 
nucleotides, preferably up to about 20 nucleotides, 
in length and comprises a sequence that does not 
5 hybridize to either the first or second section. 

The first hybrid in the treated sample is 
extended at the 3 1 -end of the first probe, thereby 
extending the first probe past the interrogation 
position and forming an extended first hybrid whose 

10 sequence includes an interrogation position. The 
extended first hybrid is comprised of the original 
target nucleic acid and extended first probe. The 
extended first hybrid is then denatured in an aqueous 
composition to separate the two nucleic acid strands 

15 of the hybridized duplex and form an aqueous solution 
containing a separated target nucleic acid and a 
separated extended first probe. 

A second probe, that is about 10 to about 
2000 nucleotides, preferably about 10 to about 200 

20 nucleotides, most preferably about 10 to about 30 
nucleotides, in length and is complementary to the 
extended first probe at a position beginning about 5 
to about 2 000, preferably about 5 to about 200, 
nucleotides downstream of the interrogation position 

25 in extended first probe, is annealed to the extended 
first probe, thereby forming the second hybrid. The 
second hybrid is extended at the 3 1 -end of the second 
probe until that extension reaches the 5 1 -end of the 
extended first probe, thereby forming a second 

3 0 extended hybrid whose 3 ' -region includes an 

identifier nucleotide. In preferred embodiments the 
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extending polymerase for both extensions does not add 
a nucleotide to the 3 ' end that does not have a 
corresponding complementary nucleotide in the 
template . 

5 An aqueous composition of the extended 

second hybrid is denatured to separate the two 
nucleic acid strands. The aqueous composition so 
formed is cooled to form a "hairpin structure" from 
the separated extended second probe when the target 
10 sequence is present in the original nucleic acid 
sample . 

A treated reaction mixture is formed by 
admixing the hairpin structure -containing composition 
with a depolymerizing amount of an enzyme whose 

15 activity is to release one or more nucleotides from 
the 3 1 -terminus of a nucleic acid hybrid. The 
reaction mixture is maintained under depolymerizing 
conditions for a time period sufficient to release 
3 '-terminal region identifier nucleotides, and then 

2 0 analyzed for the presence of released identifier 
nucleotides. The analytical output indicates the 
presence or absence of the exogenous nucleic acid 
target sequence . 

The present invention has many benefits and 

2 5 advantages, several of which are listed below. 

One benefit of the invention is that, in 
some embodiments, nucleic acid hybrids can be 
detected with very high levels of sensitivity without 
the need for radiochemicals or electrophoresis . 

3 0 An advantage of the invention is that the 

presence or absence of one or more exogenous target 
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nucleic acid(s) can be detected reliably, 
reproducibly , and with great sensitivity. 

A further benefit of the invention is that 
quantitative information can be obtained about the 
5 amount of exogenous target nucleic acid sequence in a 
sample and a large variety of sample types can be 
used, 

A further advantage of the invention is 
that very slight differences in exogenous nucleic 
10 acid sequence are detectable, including single 
nucleotide polymorphisms (SNPs) . 

Yet another benefit of the invention is 
that the presence or absence of a number of exogenous 
target nucleic acid sequences can be determined in 
15 the same assay. 

Yet another advantage of the invention is 
that the presence or absence of an exogenous target 
nucleic acid can be determined with a small number of 
reagents and manipulations. 

2 0 Another benefit of the invention is that 

the processes lend themselves to automation. 

Still another benefit of the invention is 
its flexibility of use in many different types of 
applications and assays including, but not limited 
25 to, determination of viral load, determination of 
viral type, species identification, sample 
contamination, and analysis of forensic samples. 

Still further benefits and advantages of 
the invention will become apparent to the skilled 

3 0 worker from the disclosure that follows. 
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Brief Description of the Figures 

In the drawings forming a portion of this 
disclosure , 

5 Fig. 1 illustrates the annealing of the 10865 

oligonucleotide (SEQ ID NO: 76) to 10870 wild type 
(SEQ ID NO: 77) and 10994 mutant (SEQ ID NO: 78) 
oligonucleotides utilized in rolling circle 
amplification as Fig. 1A and Fig. IB, respectively. 

10 Also shown are the annealing (hybridization) of 
oligonucleotide 10866 (SEQ ID NO: 81) to 
oligonucleotide 10865, as well as the hybridization 
of oligonucleotide probe 10869 (SEQ ID NO: 79) to 
oligonucleotide 10870 and of oligonucleotide probe 

15 10989 (SEQ ID NO: 80) to oligonucleotide 10994 as 

representations of the binding of those probes to the 
respective amplified sequences. Arcuate lines in 
oligonucleotide 10865 are used to help illustrate the 
shape that oligonucleotide 10865 can assume when 

20 hybridized with either of oligonucleotides 10870 or 
10994 . 

Fig. 2. illustrates the Reaper™ assay as 
described in Example 21. Fig. 2A illustrates the 
first hybrid formed by the annealing of nucleic acid 
25 target SEQ ID NO: 67 (286) to first probe SEQ ID NO: 68 
(287) . An arrow points to an interrogation position 
in 286. 

Fig. 2B illustrates the first extended 
hybrid formed by the annealing of 28 6 to the extended 
30 287. Extended 287 is first extended probe SEQ ID 
NO: 69 (288) . 
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Fig. 2C illustrates the second hybrid 
formed by annealing of 2 88 from the denatured nucleic 
acid molecule shown in Fig. 2B to the second probe 
denoted SEQ ID NO: 70 (289) . An arrow points to the 
5 interrogation position in 288. 

Fig. 2D illustrates the extended second 
hybrid formed by the annealing of 288 and the 
extended 28 9 strand denoted SEQ ID NO: 71 (290) . 

Fig. 2E illustrates the 290 strand 
10 denatured from Fig. 2D and forming a hairpin 

structure. An arrow points to the interrogation 
position at the 3 ' -terminus of the hybrid. 



15 Definitions 

To facilitate understanding of the 
invention, a number of terms are defined below. 

"Nucleoside", as used herein, refers to a 
compound consisting of a purine [guanine (G) or 

20 adenine (A) ] or pyrimidine [thymine (T) , uridine (U) 
or cytidine (C) ] base covalently linked to a pentose, 
whereas "nucleotide" refers to a nucleoside 
phosphorylated at one of its pentose hydroxyl groups. 
"XTP", "XDP" and "XMP" are generic designations for 

25 ribonucleotides and deoxyribonucleot ides , wherein the 
"TP" stands for triphosphate, "DP" stands for 
diphosphate, and "MP " stands for monophosphate, in 
conformity with standard usage in the art . 
Subgeneric designations for ribonucleotides are 

30 "NMP", " NDP " or "NTP" , and subgeneric designations 
for deoxyribonucleot ides are "dNMP", "dNDP" or 



-26- 



"dNTP" . Also included as "nucleoside", as used 
herein, are materials that are commonly used as 
substitutes for the nucleosides above such as 
modified forms of these bases (e.g. methyl guanine) 
or synthetic materials well known in such uses in the 
art, such as inosine. 

A "nucleic acid," as used herein, is a 
covalently linked sequence of nucleotides in which 
the 3' position of the pentose of one nucleotide is 
joined by a phosphodiester group to the 5' position 
of the pentose of the next, and in which the 
nucleotide residues (bases) are linked in specific 
sequence; i.e., a linear order of nucleotides. A 
"polynucleotide, " as used herein, is a nucleic acid 
containing a sequence that is greater than about 10 0 
nucleotides in length. An "oligonucleotide," as 
used herein, is a short polynucleotide or a portion 
of a polynucleotide. An oligonucleotide typically 
contains a sequence of about two to about one hundred 
bases. The word "oligo" is sometimes used in place 
of the word "oligonucleotide". 

A base "position" as used herein refers to 
the location of a given base or nucleotide residue 
within a nucleic acid. 

A "nucleic acid of interest," as used 
herein, is any particular nucleic acid one desires to 
study in a sample. 

The term "isolated" when used in relation 
to a nucleic acid or protein, refers to a nucleic 
acid sequence or protein that is identified and 
separated from at least one contaminant (nucleic acid 
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or protein, respectively) with which it is ordinarily 
associated in its natural source. Isolated nucleic 
acid or protein is present in a form or setting that 
is different from that in which it is found in 
5 nature. In contrast, non-isolated nucleic acids or 

proteins are found in the state they exist in nature. 

As used herein, the term "purified" or "to 
purify" means the result of any process which removes 
some contaminants from the component of interest, 
10 such as a protein or nucleic acid. The percent of a 
purified component is thereby increased in the 
sample . 

The term "wild-type," as used herein, 
refers to a gene or gene product that has the 
15 characteristics of that gene or gene product that is 
most frequently observed in a population and is thus 
arbitrarily designated the "normal" or "wild- type" 
form of the gene. In contrast, the term "modified" 
or "mutant" as used herein, refers to a gene or gene 

2 0 product that displays modifications in sequence 

and/or functional properties (i.e., altered 
characteristics) when compared to the wild-type gene 
or gene product . 

Nucleic acids are known to contain 
25 different types of mutations. As used herein, a 
"point" mutation refers to an alteration in the 
sequence of a nucleotide at a single base position. 

A "single nucleotide polymorphism" or SNP, 
as used herein, is a variation from the most 

3 0 frequently occurring base at a particular nucleic 

acid position. 
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As used herein, the term "exogenous" with 
reference to a nucleic acid sequence is a nucleic 
acid that is not native in a sample. For example, a 
gene that was inserted into a cell is exogenous, or a 
5 virus that is present in a host cell is exogenous. It 
may be exogenous whether or not it is incorporated 
into the DNA of the host cell. 

DNA molecules are said to have a "5 1 - 
terminus" (5' end) and a " 3 ! -terminus" (3' end) 

10 because nucleic acid phosphodiester linkages occur to 
the 5 ' carbon and 3 ' carbon of the pentose ring of 
the substituent mononucleotides. The end of a 
polynucleotide at which a new linkage would be to a 
5' carbon is its 5' terminal nucleotide. The end of 

15 a polynucleotide at which a new linkage would be to a 
3 s carbon is its 3' terminal nucleotide. A terminal 
nucleotide, as used herein, is the nucleotide at the 
end position of the 3'- or 5' -terminus. As used 
herein, a nucleic acid sequence, even if internal to 

20 a larger oligonucleotide or polynucleotide, also can 
be said to have 5'- and 3'- ends. For example, a gene 
sequence located within a larger chromosome sequence 
can still be said to have a 5'- and 3' -end. 

As used herein, the 3 ' -terminal region of 

25 the nucleic acid probe refers to the region of the 

probe including nucleotides within about 10 residues 
from the 3 1 -terminal position. 

In either a linear or circular DNA 
molecule, discrete elements are referred to as being 

30 "upstream" or "5'" relative to an element if they are 
bonded or would be bonded to the 5 * -end of that 
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element. Similarly, discrete elements are 
"downstream" or "3'" relative to an element if they 
are or would be bonded to the 3 1 -end of that element . 
Transcription proceeds in a 5 ' to 3' manner along the 
5 DNA strand. This means that RNA is made by the 
sequential addition of ribonucleotide-5 ' - 
triphosphates to the 3 1 -terminus of the growing chain 
(with the elimination of pyrophosphate) . 

As used herein, the term "target nucleic 
10 acid" or "nucleic acid target" refers to a particular 
nucleic acid sequence of interest. Thus, the 
"target" can exist in the presence of other nucleic 
acid molecules or within a larger nucleic acid 
molecule . 

15 As used herein, the term "nucleic acid 

probe" refers to an oligonucleotide or polynucleotide 
that is capable of hybridizing to another nucleic 
acid of interest. A nucleic acid probe may occur 
naturally as in a purified restriction digest or be 

2 0 produced synthetically, recombinant ly or by PCR 

amplification. As used herein, the term "nucleic 
acid probe" refers to the oligonucleotide or 
polynucleotide used in a method of the present 
invention. That same oligonucleotide could also be 
25 used, for example, in a PCR method as a primer for 
polymerization, but as used herein, that 
oligonucleotide would then be referred to as a 
"primer" . Herein, oligonucleotides or polynucleotides 
may contain a modified linkage such as a 

3 0 phosphorothioate bond. 
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As used herein, the terms "complementary" 
or "complementarity" are used in reference to nucleic 
acids (i.e., a sequence of nucleotides) related by 
the well-known base-pairing rules that A pairs with T 
5 and C pairs with G „ For example, the sequence 5 ' -A- 
G-T-3 1 , is complementary to the sequence 3 1 -T-C-A-5 ' . 
Complementarity can be "partial," in which only some 
of the nucleic acid bases are matched according to 
the base pairing rules. On the other hand, there may 

10 be "complete" or "total" complementarity between the 
nucleic acid strands when all of the bases are 
matched according to base pairing rules. The degree 
of complementarity between nucleic acid strands has 
significant effects on the efficiency and strength of 

15 hybridization between nucleic acid strands as known 

well in the art. This is of particular importance in 
detection methods that depend upon binding between 
nucleic acids, such as those of the invention. The 
term "substantially complementary" refers to any 

2 0 probe that can hybridize to either or both strands of 
the target nucleic acid sequence under conditions of 
low stringency as described below or, preferably, in 
polymerase reaction buffer (Promega, M195A) heated to 
95°C and then cooled to room temperature. As used 

25 herein, when the nucleic acid probe is referred to as 
partially or totally complementary to the target 
nucleic acid, that refers to the 3 1 -terminal region 
of the probe (i.e. within about 10 nucleotides of the 
3' -terminal nucleotide position). 

30 As used herein, the term "hybridization" is 

used in reference to the pairing of complementary 
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nucleic acid strands. Hybridization and the strength 
of hybridization (i.e., the strength of the 
association between nucleic acid strands) is impacted 
by many factors well known in the art including the 
degree of complementarity between the nucleic acids, 
stringency of the conditions involved affected by 
such conditions as the concentration of salts, the T m 
(melting temperature) of the formed hybrid, the 
presence of other components {e.g. , the presence or 
absence of polyethylene glycol) , the molarity of the 
hybridizing strands and the G:C content of the 
nucleic acid strands. 

As used herein, the term "stringency" is 
used in reference to the conditions of temperature, 
ionic strength, and the presence of other compounds, 
under which nucleic acid hybridizations are 
conducted. With "high stringency" conditions, 
nucleic acid base pairing will occur only between 
nucleic acid fragments that have a high frequency of 
complementary base sequences.- Thus, conditions of 
"weak" or "low" stringency are often required when it 
is desired that nucleic acids which are not 
completely complementary to one another be hybridized 
or annealed together. The art knows well that 
numerous equivalent conditions can be employed to 
comprise low stringency conditions . 

As used herein, the term "T m " is used in 
reference to the "melting temperature". The melting 
temperature is the temperature at which 50% of a 
population of double- stranded nucleic acid molecules 
becomes dissociated into single strands . The 
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equation for calculating the T m of nucleic acids is 
well-known in the art. The T m of a hybrid nucleic 
acid is often estimated using a formula adopted from 
hybridization assays in 1 M salt, and commonly used 
5 for calculating T m for PCR primers : T m = [ (number of 
A + T) x 2°C + (number of G + C) x 4°C] . C.R. Newton 
et al. PCR , 2 nd Ed., Springer-Verlag (New York: 
1997), p. 24. This formula was found to be 
inaccurate for primers longer that 20 nucleotides. 

10 Id. Other more sophisticated computations exist in 
the art which take structural as well as sequence 
characteristics into account for the calculation of 
T m . A calculated T m is merely an estimate; the 
optimum temperature is commonly determined 

15 empirically. 

The term "homology, " as used herein, refers 
to a degree of complementarity. There can be partial 
homology or complete homology (i.e., identity). A 
partially complementary sequence that at least 

20 partially inhibits a completely complementary 

sequence from hybridizing to a target nucleic acid is 
referred to using the functional term "substantially 
homologous . " 

When used in reference to a double -stranded 

25 nucleic acid sequence such as a cDNA or genomic 

clone, the term "substantially homologous," as used 
herein, refers to a probe that can hybridize to a 
strand of the double -stranded nucleic acid sequence 
under conditions of low stringency. 



When used in reference to a single- stranded 
nucleic acid sequence, the term "substantially 
homologous", as used herein, refers to a probe that 
can hybridize to (i.e., is the complement of) the 
single-stranded nucleic acid template sequence under 
conditions of low stringency. 

The term "interrogation position", as used 
herein, refers to the location of a given base of 
interest within a nucleic acid probe. For example, 
in the analysis of SNPs, the "interrogation position" 
in the probe is in the position that would be 
complementary to the single nucleotide of the target 
that may be altered from wild type. The analytical 
output from a method of the invention provides 
information about a nucleic acid residue of the 
target nucleic acid that is complementary to an 
interrogation position of the probe. An 
interrogation position is within about ten bases of 
the actual 3 ' -terminal nucleotide of the nucleic acid 
probe, although not necessarily at the 3 ■ -terminal 
nucleotide position. The interrogation position of 
the target nucleic acid sequence is opposite the 
interrogation position of the probe, when the target 
and probe nucleic acids are hybridized. 

The term "identifier nucleotide", as used 
herein, refers to a nucleotide whose presence is to 
be detected in a process of the invention to identify 
whether a depolymerization reaction has occurred. 
The particular application of a method of the 
invention affects which residues are considered an 
identifier nucleotide. For a method using ATP 



detection (e.g. lucif erase/lucif erin or NADH) 
wherein, during analysis, all nucleotides released in 
the depolymerization are "converted" to ATP with an 
enzyme such as NDPK, all nucleotides released are 
identifier nucleotides. Similarly, for a method 
using absorbance detection that does not distinguish 
between nucleotides, all released nucleotides are 
identifier nucleotides. For a mass spectrometric 
detection wherein all the released nucleotides are 
analyzed, all released nucleotides can be identifier 
nucleotides; alternatively a particular nucleotide 
(e.g. a nucleotide analog having a distinctive mass) 
can be detected. For fluorescence detection, a 
f luorescently- labeled nucleotide is an identifier 
nucleotide. The nucleotide can 

be labeled, or the fluorescence level modified, 
prior to or after release from the nucleic acid. For 
radiographic detection, a radioactively-labeled 
nucleotide is an identifier nucleotide. In some 
cases, the release of identifier nucleotide is 
deduced by analyzing the remainder of the probe after 
a depolymerization step of the invention. Such 
analysis is generally by a determination of the size 
or mass of the remaining probe and can be by any of 
the described analytical methods (e.g. a fluorescent 
tag on the 5 • -terminus of the probe to monitor its 
molecular weight following capillary 
electrophoresis) . 

The term "sample" is used in its broadest 
sense. A sample suspected of containing a nucleic 
acid can comprise a cell, chromosomes isolated from a 



cell (e.g., a spread of metaphase chromosomes), 
genomic DNA, RNA, cDNA and the like. 

The term "detection", as used herein, 
refers to quantitatively or qualitatively identifying 
a nucleotide or nucleic acid within a sample. 

The term "depolymerization" , as used 
herein, refers to the removal of a nucleotide from 
the 3' end of a nucleic acid. 

The term "allele", as used herein, refers 
to an alternative form of a gene and the term 
"locus", as used herein, refers to a particular place 
on a nucleic acid molecule. 

Detailed Description of the Invention 

A contemplated method is utilized to assay 
for the presence or absence of nucleic acid that is 
exogenous to the source of the sample. For example, 
a contemplated method can be used to assay for the 
presence of viruses such as hepatitis C virus (HCV) , 
cytomegalovirus (CMV) , human immunodeficiency virus 
(HIV) , as well as to determine the viral load in an 
organism with a disease, such as a human or a plant. 
A contemplated method can also be used to identify 
the presence of an exogenous nucleic acid sequence in 
a plant such as maize, soy or rice. A contemplated 
method can also be used to assay for the presence of 
microorganisms such as Listeria monocytogenes , 
Campylobacter spp. , Salmonella spp., Shigella spp . or 
Escherichia coli (including B. coli E015 7) in 
foodstuffs such as meats, dairy products, and fruit 
juices . 
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The determination of an appropriate 
exogenous nucleic acid target sequence useful for 
designing nucleic acid probes for use in a method of 
the invention is within the skill of the art. 
Databases of genetic sequences, such as Genbank, can 
be used to ascertain the uniqueness of the selected 
nucleic acid target. Commercially available software 
for designing PCR primers can be used to assist in 
the design of probes for use in the invention. 

A method of this invention is used to 
determine the presence or absence of at least one 
predetermined (known) exogenous nucleic acid target 
sequence in a nucleic acid sample. A nucleic acid 
target is "predetermined" in that its sequence must 
be known to design a probe that hybridizes with that 
target. However, it should be noted that a nucleic 
acid target sequence, as used with respect to a 
process of this invention, may merely act as a 
reporter to signal the presence of a different 
nucleic acid whose presence is desired to be 
determined. That other nucleic acid of interest does 
not have to have a predetermined sequence. 
Furthermore, a process of the invention is useful in 
determining the identity of base within a target 
where only enough of the sequence is known to design 
a probe that hybridizes to that exogenous target with 
partial complementarity at the 3 ' -terminal region of 
the probe . 

Such a method utilizes an enzyme that can 
depolymerize the 3 1 -terminus of an oligonucleotide 
probe hybridized to the nucleic acid target sequence 



to release one or more identifier nucleotides, under 
depolymerizing conditions, whose presence or absence 
can then be determined as an analytical output that 
indicates the presence or absence of the target 
sequence . 

A nucleic acid target sequence is 
predetermined (or known) in that a nucleic acid probe 
is provided to be partially or totally complementary 
to that nucleic acid target sequence. A nucleic acid 
target sequence is a portion of nucleic acid sample 
with which the probe hybridizes if that target 
sequence is present in the sample. 

A first step of the method is admixing a 
sample to be assayed with one or more nucleic acid 
probes. The admixing of the first step is typically 
carried out under low stringency hybridizing 
conditions to form a hybridization composition. In 
such a hybridization composition, the 3 ' -terminal 
region of the nucleic acid probe (s) (i) hybridizes 
with partial or total complementarity to an exogenous 
nucleic acid target sequence that may be present in 
the sample; and (ii) includes an identifier 
nucleotide in the 3 1 -terminal region. 

Preferably, the nucleic acid probe is 
designed to not hybridize with itself to form a 
hairpin structure in such a way as to interfere with 
hybridization of the 3 ' -terminal region of the probe 
to the target nucleic acid. Parameters guiding probe 
design are well known in the art . 

The hybridization composition is maintained 
under hybridizing conditions for a time period 
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sufficient to form a treated sample that may contain 
at least one predetermined nucleic acid target 
hybridized with a nucleic acid probe. 

In the event that the sample to be assayed 
does not contain a target sequence to which the probe 
hybridizes, no hybridization takes place. When a 
method of the present invention is used to determine 
whether a particular target sequence is present or 
absent in a sample to be assayed, the resulting 
treated sample may not contain a substrate for the 
enzymes of the present invention. As a result, a 3' 
terminal region identifier nucleotide is not released 
and the analytical output is at or near background 
levels . 

The treated sample is admixed with a 
depolymerizing amount of an enzyme whose activity is 
to release one or more identifier nucleotides from 
the 3 ' -terminal region of the probe that is 
hybridized to the nucleic acid target to form a 
depolymerization reaction mixture. The choice of 
enzyme used in the process determines if a match or 
mismatch at the 3 '-terminal nucleotide results in 
release of that 3 '-terminal nucleotide. Further 
information regarding specific enzyme reaction 
conditions is discussed in detail hereinafter. 

The depolymerization reaction mixture is 
maintained under depolymerizing conditions for a time 
period sufficient to permit the enzyme to 
depolymerize hybridized nucleic acid and release 
identifier nucleotides therefrom to form a treated 
reaction mixture. 
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The presence or absence of released 
identifier nucleotides is then determined to obtain 
an analytical output. The analytical output 
indicates the presence or absence of at least the one 
5 nucleic acid target sequence. 

Hybridization conditions can be empirically 
ascertained for a control sample for various time 
periods, pH values, temperatures, nucleic acid 
probe/target combinations and the like. Exemplary 

10 maintenance times and conditions are provided in the 
specific examples hereinafter and typically reflect 
low stringency hybridization conditions. In 
practice, once a suitable set of hybridization 
conditions and maintenance time periods are known for 

15 a given set of probes, an assay using those 

conditions provides the correct result if the nucleic 
acid target sequence is present . Typical maintenance 
times are about 5 to about 60 minutes. 

The conditions and considerations with 

20 respect to hybridization of PCR primers to template 
nucleic acid in PCR are applicable to the 
hybridization of nucleic acid probes to target 
sequences in a process of the invention. Such 
hybridization conditions are well known in the art, 

25 and are a matter of routine experimentation depending 
on factors including the sequence of the nucleic acid 
probe and the target nucleic acid [sequence identity 
(homology) , length and G+C content] molar amounts of 
nucleic acid present, buffer, salt content and duplex 

3 0 T m among other variables. 



-40- 



Processes of the invention are sensitive 
and hybridization conditions of low stringency (e.g. 
temperature of 0-4°C) are sufficient, but moderate 
stringency conditions (e.g. temperatures of 40-60°C) 
also permit hybridization and provide acceptable 
results. This is true for all processes of the 
invention. 

In one contemplated embodiment of the 
invention, the enzyme whose activity is to 
depolymerize hybridized nucleic acid to release 
nucleotides from the probe 3 '-terminal end is a 
template -dependent polymerase. In such an 
embodiment, the reverse of a polymerase reaction is 
used to depolymerize a nucleic acid probe, and the 
identifier nucleotide is released when the 3'- 
terminal nucleotide of the nucleic acid probe 
hybridizes with total complementarity to its nucleic 
acid target sequence. A signal confirms the presence 
of a nucleic acid target sequence that has the 
sequence sufficiently complementary to the nucleic 
acid probe to be detected by the process of the 
invention . 

In an embodiment that uses a 3 f -> 5' 
exonuclease activity of a polymerase, such as Klenow 
or T4 DNA polymerase (but not limited to those two 
enzymes) , to depolymerize a nucleic acid probe, an 
identifier nucleotide is released when the 3 ' - 
terminal residue of the nucleic acid probe is 
mismatched and therefore there is only partial 
complementarity of the 3 ' -terminus of the nucleic 
acid probe to its nucleic acid target sequence. In 



this embodiment, to minimize background, the hybrid 
is typically purified from the unannealed nucleic 
acid prior to the depolymerizat ion enzyme reaction, 
which may release an identifier nucleotide. A signal 
confirms the presence of a nucleic acid target 
sequence that is not totally complementary to the 
nucleic acid probe. 

In an embodiment that uses a 3 ' — » 5' 
exonuclease activity of Exonuclease III to 
depolymerize a nucleic acid probe, an identifier 
nucleotide is released when the 3 '-terminal residue 
of the nucleic acid probe is matched to the target 
nucleic acid. A signal confirms the presence of a 
nucleic acid target that is complementary at the 
released identifier nucleotide. 

It is thus seen that hybridization and 
depolymerizat ion can lead to the release of an 
identifier nucleotide or to little or no release of 
such a nucleotide, depending upon whether the 
probe: target hybrid is matched or mismatched at the 
3' -terminal region. This is also dependent on the 
type of enzyme used and the type of end, matched or 
mismatched, that the enzyme requires for 
depolymerization activity. 

The magnitude of a contemplated analytical 
output under defined conditions is dependent upon the 
amount of released identifier nucleotides. Where an 
identifier nucleotide is released, an analytical 
output can be provided that has a value greater than 
background. Where an identifier nucleotide is not 
released either because the target sequence was not 
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present in the original sample or because the probe 
and depolymerizing enzyme chosen do not provide 
release of a 3' -terminal nucleotide when the target 
is present, or if the match/mismatch state of the 3'- 
terminal nucleotide did not match that required for 
the enzyme used to release a 3 '-terminal nucleotide, 
the analytical output is substantially at a 
background level . 

Contemplated methods and kits of the 
invention are useful for many applications as 
discussed above. For example, it is desirable to 
detect exogenous nucleic acid sequences when one 
would like to detect the presence or amount of viral 
contamination (or viral load) in a sample, often a 
biological or medical sample, but also in a food 
sample. The art provides many sequences that are 
useful for a wide variety of viral targets, and as 
more sequences are discovered, they are likewise 
useful in a process of the present invention. Thus, 
also contemplated are plant viruses, such as the 
tobacco mosaic virus. Exemplary viral probes follow. 



Cytomegalovirus sequence probes . 

SEQ ID NO: 82 5 ' CGTTGTGCGGGTTCACGTCGATGAGCACGT 
25 T CATGGGTGTAATAT CAAAGTGGC ATACACGAGCT 3 r 



SEQ ID NO: 35 5 1 CACTTTGATATTACACCCATG 3' 
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JH67 5' TCACACAGGAAACAGCTATGACCATG 3' SEQ ID NO: 41 
Hepatitis C virus probe. 

HCV1 : 5 ' CTGCTAGCCGAGTAGTGTTGGGTCGCGAAAGGCCTTGTGG 3 ' 
5 SEQ ID NO: 43 

Human Immunodeficiency virus probes. 
11808 5' CCATTTAGTACTGTCT 3' SEQ ID NO: 52 

11810 5' CTAGTTTTCTCCATTT 3' SEQ ID NO: 54 

10 11812 5' TTCTCTGAAATCTACT 3' SEQ ID NO:56 

11814 5 1 AAAAAAGACAGTACTAAATGGAGAAAACTAGTA 

GATTT CAGAGAACTTAA 3' SEQ ID NO: 58 

Below are provided sequences of probes to 
15 various mutated viruses. Such probes are useful for 
distinguishing the presence of a particular mutated 
pathogen among other pathogens present . 

Probes to a mutated cytomegalovirus sequences. 
2 0 CV2 5' CACTTTGATATTACACCCGTG 3' SEQ ID NO: 36 

5 ' CGTGTATGCCACTTTGATATTACACCCGTGAACGTGCTCATCGACGTGAAC 
CCGCACAACGAGCT 3' SEQ ID NO: 83 

2 5 5 ' CGTTGTGCGGGTTCACGTCGATGAGCACGTTCACGGGTGTAATATCAAAGT 

GGCATACACGAGCT3 ' SEQ ID NO : 84 

gancyclovir-resistant cytomegalovirus probes: 
CV11 5 ' CGCTTCTACCACGAATGCTCGCAGACCATGCTGCACGAAT 

3 0 ACGTCAGAAAGAACGTGGAGCGTCTGTTGGAGCT 3' SEQ ID NO : 1 
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CV1 2 5 ' CCAACAGACGCTCCACGTTCTTTCTGACGTATTCGTGCAGC 
ATGGTCTGCGAGCATTCGTGGTAGAAGCGAGCT 3' SEQ ID NO : 2 

CV13 5 ' CGCTTCTACCACGAATGCTCGCAGATCATGCTGCACGAAT 
5 ACGTCAGAAAGAACGTGGAGCGTCTGTTGGAGCT 3' SEQ ID NO : 3 

CV14 5 ' CCAACAGACGCTCCACGTTCTTTCTGACGTATTCGTGC 
AGCATGATCTGCGAGCATTCGTGGTAGAAGCGAGCT 3' SEQ ID NO : 4 

10 Probes to drug -resist ant HIV. 

11815 5 1 AAAAAAAACAGTACTAAATGGAGAAAACTAGTAGA 
TTTCAGAGAACTTAA 3' SEQ ID NO: 59 

11816 AAAAAAGACAGTACTAGATGGAGAAAACTAGTAGATTTCAG 
15 AGAACTTAA 3 1 SEQ ID NO: 60 

11817 5 ' AAAAAAGACAGTACTAAATGGAGAAAACTAA 
TAGATTTCAGAGAACTTAA 3' SEQ ID NO : 61 

20 11813 5' TTCTCTGAAATCTATT 3' SEQ ID NO: 57 

11811 5' CTAGTTTTCTCCATCT 3' SEQ ID NO: 55 

11809 5' CCATTTAGTACTGTTT 3' SEQ ID NO: 53 



25 



30 



The presence of other exogenous nucleic 
acids, such as those stemming from contaminating 
bacteria are useful in a process of the invention. 
Examples of bacterial probes follow. 

Probes for Listeria iap. 



-45- 



LM1 5' GAAGTAAAACAAACTACACAAGCAACTACACCTGCGCCTAAAG 
TAGCAGAAACGAAAGAAACTCCAGTAG 3 f SEQ ID NO : 9 

LM2 5 ' CTACTGGAGTTTCTTTCGTTTCTGCTACTTTAGGCGCAGGT 
5 GTAGTTGCTTGTGTAGTTTGTTTTACTTC 3' SEQ ID NO: 10 

LM3 5' GCAACTACACCTGCGCCTAAAGTAGCAGAA 3 ' SEQ ID NO: 11 
LM4 5' TTCTGCTACTTTAGGCGCAGGTGTAGTTCG 3 ' SEQ ID NO: 12 

10 Probes for Listeria hyl . 

LM5 5 ' CATCGACGGCAACCTCGGAGACTTACGAGATATTTTGAAAAAA 
GGCGCTACTTTTAATCGAGAAACACCA 3' SEQ ID NO: 13 

LM6 5 ' TGGTGTTTCTCGATTAAAAGTAGCGCCTTTTTTCAAAATATCT 
15 CGTAAGTCTCCGAGGTTGCCGTCGATG 3' SEQ ID NO : 14 

LM7 5' CT CGGAGACTT ACGAGATATTTTGAAAAAA 3' SEQ ID NO: 15 

LM8 5' TTTTTTCAAAATATCTCGTAAGTCTCCGAG 3' SEQ ID NO: 16 

20 

Probes for Salmonella. 

ST3 5' TGTGTAATGAAAGAAATCACCGTCACTGAA 3 ' SEQ ID NO: 19 
ST4 5' TTCAGTGACGGTGATTTCTTT CATTACACA 3 ' SEQ ID NO: 20 

25 Probes to Campylobacter jejuni. 

114 53 5 ' CTTGAAGCATAGTTCTTGTTTTTAAACTTTGTCCATCTT 
GAGCCGCTTGAGTTGCCTTAGTTTTAATAGT 3 ' 

SEQ ID NO: 31 
114 54 5 ' ACTATTAAAACTAAGGCAACTCAAGCGGCTCAAGATGG 
3 0 ACAAAGTTTAAAAACAAGAACTATGCTTCAAG 3' 

SEQ ID NO: 33 
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11451 5 ' AGTTCTTGTTTTTAAACTTTGTCCATCTTG 3' 

SEQ ID NO: 32 

114 50 5 ' CAAGATGGACAAAGTTTAAAAACAAGAACT 3' 

SEQ ID NO: 34 

5 

It is often desirable to detect the 
presence of exogenous genes, typically incorporated 
merely as markers for inserted genes. Classic 
molecular biology techniques include the 

10 incorporation of antibiotic resistance to select for 
clones having the desired inserted exogenous nucleic 
acid sequence. The antibiotic resistance gene is 
also an exogenous sequence. The sequences of 
exogenous "marker" genes are well-known in the art 

15 and are easily available to a worker of ordinary 

skill. Exemplary fragments of such sequences useful 
as probes in methods and kits of the present 
invention follow. 

2 0 Probes for genes conferring kanamycin resistance to 

bacteria . 

5 ' GCAACGCTACCTTTGCCATGTTTC 3' SEQ ID NO: 21 

5 1 GCAACGCTACCTTTGCCATGTTTG 3 1 SEQ ID NO: 22 

5 ' GCAACGCTACCTTTGCCATGTTTA 3 ! SEQ ID NO: 23 

25 5 ' GCAACGCTACCTTTGCCATGTTTT 3' SEQ ID NO: 24 

5 ' GCAACGCTACCTTTGCCATGTTTC 3' SEQ ID NO: 85 

Probes to the P-galactosidase gene, commonly used as 
a biological marker for exogenous genes in the field 

3 0 of biochemistry. 

5 ' CAGTCACGACGTTGTAAAACGACGGCCAGT3 ' SEQ ID NO: 2 9 
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5 ' AGTGGCCGTCGTTTTACAACGTCGTGACTG3 ' SEQ ID NO: 30 

Other exogenous sequences, though not 
necessarily used as markers, are useful in methods 
and kits of the present invention. This is discussed 
further in the examples below, particularly with 
respect to genetically modified organisms. Some 
exemplary common exogenous sequences that are often 
introduced along during genetic engineering of an 
organism follow. 

Probes for the plant 3 5S promoter commonly used 
in biotechnology when inserting exogenous plant 
genes . 

11211 5' GCAAGTGGATTGATG 3' SEQ ID NO: 48 
11210 5' C CAAC CACGT CTT CAAA 3' SEQ ID NO: 49 

Probes for the plant NOS terminators commonly used in 
biotechnology when inserting exogenous genes. 

11212 5' TTTATGAGATGGGTTT 3' SEQ ID NO: 50 

11213 5' ATGATTAGAGTCCCG 3' SEQ ID NO: 51 

In one embodiment of the invention, viral 
load, the amount of virus present, is determined from 
the magnitude of the analytical output from a 
predetermined amount of biological sample such as a 
animal fluid or tissue. Processes of the invention 
are quantitative and very sensitive. The sensitivity 
is enhanced further through use of a process of the 
invention including a step to enrich the sample in 
the predetermined exogenous nucleic acid target 
sequence, by conversion of a signal from the 
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predetermined exogenous nucleic acid target sequence 
to an amplified predetermined reporter sequence or by 
amplification of the signal from the released 
identifier nucleotide. In the viral load example 
5 below, the target sequence is enriched in the sample 
through RT-PCR. 

In one aspect of the method, the 
predetermined nucleic acid target sequence is present 
in the sample for the purpose of gene therapy. An 

10 exemplary gene therapy embodiment would be in the 
provision of an exogenous gene to an animal, 
preferably a person or commonly raised animal such as 
a cow, pig, sheep, dog or chicken, to make up for a 
missing gene, such as is the case with phenyl 

15 ketonuria or persons lacking adenine deaminase. 

A worker of ordinary skill in the art 
recognizes that processes and kits of the invention 
are useful with any predetermined sequence that is 
specifically sought for assay. Such a worker need 

2 0 only construct a nucleic acid probe that is 

complementary to the predetermined sequence. Thus 
the present invention is useful for determining the 
success of genetic engineering into a plant, 
typically a crop, by searching for the introduced 
25 gene. Similarly, the success of plant breeding is 
monitored using a process of the invention when the 
gene sought to be introduced into the cross-bred 
generation is a nucleic acid target. 

A worker of ordinary skill further 

3 0 recognizes that it is possible to construct any 

desired probes for the specific methods using the 
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invention disclosed in the parent application, U.S. 
Serial No. 09/358,972, filed on July 21, 1999. (This 
application is a continuation-in-part of U.S. patent 
5 application Serial No. 09/358,972, the disclosures of 
which are herein by reference, and published on the 
internet at http://www.promega.com/pt/p end / 0 93 5 8 9 7 7. . pel f ) 

In one embodiment, the identity of a specific 
base located at an interrogation position within a 

10 nucleic acid target sequence is determined. This is 
useful for determination of the presence or absence of 
certain mutations within a gene. Examples of such 
mutated genes were listed above, such as the resistant 
HIV, or the gancyclovir resistant CMV. 

15 Depolymerization 

Depolymerization reactions and enzymes useful 
in such reactions are discussed below. Nucleic acid 
polymerases generally catalyze the elongation of nucleic 
acid chains. The reaction is driven by the cleavage of 

20 a pyrophosphate released as each nucleotide is added. 
Each nucleoside-5 ' - triphosphate has three phosphate 
groups linked to carbon five of the ribose or 
deoxyribose sugar. The addition of a nucleotide to a 
growing nucleic acid results in formation of an 

15 internucleoside phosphodiester bond. This bond is 
characterized in having a 3' linkage to carbon 3 of 
ribose or deoxyribose and a 5 1 linkage to carbon 5 of 
ribose or deoxyribose. Each nucleotide is added through 
formation of a new 3' to 5 ' linkage, so the nucleic acid 

SO strand grows in a 5 1 to 3 ' direction. 

Depolymerization in its strictest sense means 
the reverse of polymerization so that in the present 
context, an internucleot ide phosphodiester bond is 
broken between the two 3 ' -terminal bases in 



-50- 



the presence of pyrophosphate and a polymerase enzyme 
to form a nucleic acid that is one nucleotide shorter 
and a nucleoside triphosphate. A somewhat more 
encompassing definition is contemplated here. In 
accordance with that definition, the 3 ' -terminal 
nucleotide is removed from a nucleic acid in a 
reaction catalyzed by an enzyme, but the nucleotide 
formed can be a monophosphate and pyrophosphate is 
not always required . 

The former reactions (i.e. reverse of 
polymerization) are referred to herein as 
pyrophosphorolysis reactions whereas the latter, more 
encompassing definition, reactions are referred to as 
exonuclease reactions. It is to be understood that 
the depolymerization reaction of interest in the 
invention is that depolymerization occurring in the 
3 '-terminal region of the nucleic acid probe. This 
depolymerization reaction releases identifier 
nucleotides under appropriate depolymerizing 
conditions, as discussed herein. 

Depolymerization reactions and enzymes 
useful in such reactions are discussed in parental 
U.S. Patent Application Serial No. 09/358,972, filed 
on July 21, 1999, which disclosure is incorporated 
herein by reference. 

A. Pyrophosphorolysis 

In some embodiments of the present 
invention, a method comprises depolymerizing the 
nucleic acid (NA) at a 3 ' -terminal nucleotide by 
enzymatically cleaving the terminal internucleoside 



-51- 



phosphodiester bond in the presence of pyrophosphate, 
or an analogue thereof, to form an XTP (e.g. NTPs or 
dNTPs) as illustrated by the following reaction on 
double -stranded DNA having a 5 1 overhang: 

5 

5 ' . . . TpApCpGpGpCpT-3 1 OH 
3 ' . . . ApTpGpCpCpGpApCpTp-5 < 

■i- enzyme + PPi 

10 5 ' . . . TpApCpGp-3 ■ OH 

3 ' . . .ApTpGpCpCpGpApCpTp-5 ' 

+ dGTP + dCTP + dTTP 

Template -dependent nucleic acid polymerases 
15 capable of pyrophosphorolysis include, but are not 
limited to, DNA polymerase a, DNA polymerase p, T4 
DNA polymerase, Taq polymerase, Tne polymerase, Tne 
triple mutant polymerase, Tth polymerase, Tvu 
polymerase, Ath polymerase, Bat polymerase, E. coli 

2 0 DNA polymerase I, Klenow fragment, Klenow exo minus 

(exo-), AMV reverse transcriptase, RNA polymerase and 
MMLV reverse transcriptase, and poly (A) polymerase. 

Most preferably, Klenow exo minus (Klenow 
exo-) or Tne triple mutant polymerase is utilized for 
25 DNA pyrophosphorolysis reactions because of their 
efficient utilization of 5' overhanging DNA ends. 

In a preferred embodiment in the case of 
the reverse of polymerase activity 

(pyrophosphorolysis) , a preferred substrate is a DNA 

3 0 probe hybridized to an exogenous nucleic acid target 

sequence with total complementarity at its 3 ' - 
terminus, including an identifier residue in the 3'- 
terminal region. In an example of this preferred 



embodiment, when the nucleic acid probe is hybridized 
to an exogenous nucleic acid target sequence such 
that there is one base mismatch at the 3 ! -terminal 
nucleotide of the nucleic acid probe, the nucleic 
acid probe is inefficiently depolymerized through the 
reverse polymerization reaction. Thus, such a 
substrate is not an ideal substrate for 
depolymerization . 

The non- ideality of the substrate for 
depolymerization via a reverse of the polymerization 
reaction is recognized with a single base mismatch as 
far in as about 10 residues from the 3 ' -terminus of 
the nucleic acid probe. With a single base mismatch 
12 residues from the 3 1 -terminus of the probe, the 
depolymerization reaction can occur to approximately 
the same extent as when there is no mismatch and the 
nucleic acid probe is totally complementary to the 
nucleic acid target sequence. 

It is thus contemplated that the reactivity 
of the depolymerization reaction is a continuum that 
is related to the efficiency of the substrate. A 
partially complementary hybrid is a less efficient 
depolymerization substrate than a totally 
complementary hybrid for the reverse of a 
polymerization reaction. It is contemplated that 
this differential reactivity be used to enhance the 
discrimination between matches and mismatches at 
certain positions (e.g. an interrogation position) . 
When a substrate hybrid is totally complementary, it 
will give a fairly high analytical output. A 
mismatch can be intentionally introduced to 



destabilize the substrate hybrid. Such a 
destabilization can increase the difference in 
analytical output between bases substituted at an 
interrogation position that is different from the 
destabilizing base position. 

Several chemical compounds are known in the 
art to be substitutable for pyrophosphate in 
pyrophosphorolysis reactions. Rozovskaya, et al . , 
Biochem. J., 224:645-650 (1984). 

Preferred reaction mixtures and times 
(depolymerization conditions) for depolymerization by 
pyrophosphorolysis, including suitable buffers for 
each nucleic acid polymerase analyzed, are described 
in greater detail in the Examples. Typically, under 
these conditions, sufficient NTP or dNTP is released 
to accurately detect or assay extremely low amounts 
of nucleic acids (e.gr. , about 5-1000 picograms) . ATP 
can be produced by conversion from XTP by an enzyme 
such as NDPK (in the presence of ADP) prior to 
analysis or the ATP can be further amplified prior to 
analysis . 

The high efficiency of the 
pyrophosphorolysis reaction was unexpected, and 
appears to be associated with extremely low levels of 
DNA substrate, in contrast to previous DNA 
pyrophosphorolysis studies conducted using much 
greater amounts of DNA. 

The pyrophosphorolysis activity of 
different nucleic acid polymerases also varies. For 
example, T4 polymerase and Trie DNA polymerase possess 
very high pyrophosphorolysis activity as measured by 
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a luciferase assay for ATP produced by 
pyrophosphorolysis . Pyrophosphorolysis using T4 
polymerase resulted in about a 10 fold increase in 
light production as compared to MMLV-RT and a 4 -fold 
5 increase in light production as compared to Taq 
polymerase . 

The type of DNA end resulting from 
restriction enzyme digestion also affects the 
pyrophosphorolysis activity of different nucleic acid 

10 polymerases. For example, Klenow exo-, MMLV-RT and 
Taq polymerase catalyze pyrophosphorolysis of DNA 
fragments with 5 1 -overhangs and with blunt-ends, but 
have little or no pyrophosphorolysis activity with 
3 ' -overhangs . In contrast, T4 DNA polymerase 

15 catalyzes both 3'- and 5 ' -end overhang and blunt-end 
mediated pyrophosphorolysis. Thus, T4 DNA polymerase 
is a preferred enzyme for pyrophosphorolysis of a 
hybrid with a 3' -overhang. When other nucleic acid 
polymerases are utilized for pyrophosphorolysis of 

2 0 restriction enzyme treated DNA, it is contemplated 

that care is taken to match the end specificity of 
the polymerase with the type of end created by the 
restriction endonuclease . Such care is well within 
the skill of those in the art. 
25 Further, it is contemplated that the type 

of polymerase used in the pyrophosphorolysis reaction 
is matched to the correct nucleic acid substrate in 
order to produce the best results. In general, DNA 
polymerases and reverse transcriptases are preferred 

3 0 for depolymerizing DNA, whereas RNA polymerases are 

preferred for depolymerizing RNA. Reverse 
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transcriptases or DNA polymerases with reverse 
transcriptase activity are preferred for 
depolymerizing RNA-DNA hybrids. 

In the grandparent application, it was 
5 surprisingly demonstrated that poly (A) polymerase can 
catalyze pyrophosphorolysis , even though no such 
reaction had been previously reported. Indeed, 
poly (A) polymerase has been widely reported to not 
catalyze pyrophosphorolysis. (See e.g., Sippel, Eur. 

10 J. Biochem. , 37:31-40 (1973) and Sano and Feix, Eur. 
J. Biochem., 71:577-83 (1976)). However there are 
many differences between the conditions used in the 
grandparent application disclosure and those reported 
in the references. In these preferred embodiments of 

15 the invention disclosed in the grandparent 

application, the manganese chloride present in the 
previously reported buffers is omitted, the 
concentration of sodium chloride is decreased, and 
the pH value is lowered from about 8.0 to about 7.5. 

2 0 Furthermore, the poly (A) polymerase 

pyrophosphorolysis reaction buffer contains about 50 
mM Tris-Cl pH 7.5, 10 mM MgCl 2 , 50 mM NaCl, and 2 mM 
NaPP ± (sodium pyrophosphate) . 

It is important to note that the 
25 depolymerization reaction is the reverse of the 

polymerization reaction. Therefore, as increasing 
amounts of free nucleoside triphosphates are produced 
by depolymerization, a state of equilibrium can 
theoretically be attained in which polymerization and 

3 0 depolymerization reactions are balanced. 

Alternatively, where small amounts of nucleic acid 
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are detected, the reaction can go essentially to 
completion without reaching equilibrium, (i.e., the 
nucleic acid target is depolymerized into its 
constituent subunit nucleotides by greater than 50%) . 
5 This factor is important in quantitative assays 

because the total amount of nucleotides released is 
proportional to the amount of signal generated in the 
detection assay. 

When used for qualitative detection of 

10 nucleic acid, as long as a threshold level of 

nucleotides is produced, it is not necessary that the 
reaction reach equilibrium or go essentially to 
completion. In preferred embodiments, the mixture of 
nucleoside triphosphate molecules produced by 

15 depolymerization is preferably converted to ATP as 
described below. For either quantitative or 
qualitative detection, a detectable threshold ATP 
concentration of approximately 1X10" 12 molar in 100 \xl 
of sample is preferably provided for detection of 

20 light in a typical luciferase assay. 

In some preferred embodiments, 
oligonucleotide probes are typically utilized at 
about 100 ng to about 1 ug per 20 uL depolymerization 
reaction. That amount provides a probe to target 

25 weight ratio of about 200:1 to about 1,000:1. 

In a preferred embodiment of the present 
invention, nucleic acid polymerase and pyrophosphate 
(PP L ) or an analogue thereof, are added to a 
hybridized sample containing from less than about 100 

3 0 ug of target nucleic acid, to less than about 10 pg 
of nucleic acid. Typical target nucleic acids are 
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present at about 1 to about 5 ng in the sample to be 
assayed, with a target nucleic acid length of about 
3 0 to about 10 0 0 bp being preferred. 

When using enzymes that utilize 5' overhang 
5 substrates, it is preferred that the 3' end of the 

target nucleic acid extends beyond the 5' end of the 
nucleic acid probe. In this way, the only 5' 
overhang substrate is that where the 5' end of the 
target nucleic acid overhangs the 3' terminal region 

10 of the nucleic acid probe. An alternative method of 
limiting depolymerization to the nucleic acid probe 
is chemical modification of the ends of other nucleic 
acids in the sample, such as, for example, making a 
phosphorothioate linkage at the 3' -terminus of the 

15 target nucleic acid. 

A depolymerizing enzyme is preferably 
present in an amount sufficient to depolymerize a 
hybridized target : probe . That amount can vary with 
the enzyme used, the depolymerization temperature, 

20 the buffer, and the like, as are well-known in the 
art. For a typical reaction carried out in a 20 jj,L 
volume, about 0.25 to about 1 unit (U) of an enzyme 
such as Klenow exo- is used. About 1 to about 5 U of 
the thermostable enzymes are used for 

25 depolymerization at elevated temperatures. 

Lucif erase, which is part of the preferred 
ATP detection system, is inhibited by PP ± . In 
preferred embodiments, care is taken to avoid 
transferring a highly inhibiting amount of PP ± to the 

3 0 ATP detection reaction. Preferably, the amount of PP ± 
carried over to the ATP detection reaction results in 
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a concentration of I>P i in the luciferase detection 
reaction of less than about 100 jaM, although less 
than about 10 \iM is desirable. Therefore, the amount 
of PPi utilized in the pyrophosphorolysis reaction is 
5 determined by the size of the aliquot that is taken 
for use in the luciferase detection system. It is 
contemplated that the aliquot size can vary depending 
upon the test system used, but the amount of PP i 
transferred or carried over to the luciferase 

10 detection reaction corresponds to the PP ± 

concentration parameters described above, so that the 
concentration of PPi is at least below about 100 \m, 
and preferably below about 10 JJ.M. 

In one preferred embodiment of the 

15 invention, the enzyme whose activity is to 

depolymerize is a template-dependent polymerase. The 
depolymerization reaction is a reverse of the 
polymerization reaction. In a contemplated 
embodiment, the polymerization reaction is reversed 

2 0 in the presence of pyrophosphate in a reaction 
referred to as pyrophosphorolysis. 

In some preferred embodiments, the reaction 
conditions are preferably adjusted to further favor 
depolymerization of a nucleic acid probe that is 

2 5 hybridized with its target nucleic acid sequence by 

providing a higher concentration of nucleic acid 
probe than its target nucleic acid sequence. 

One strategy to favor the depolymerization 
of a probe: target hybrid is that the probe be in 

3 0 molar excess over the nucleic acid target in the 
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hybridization step after denaturing of duplex target 
nucleic acid. 

Another strategy to favor the 
depolymerization of a probe: target hybrid is to 
5 isolate only the strand of nucleic acid target to 

which the probe is complementary. There are several 
techniques that can be used to achieve this end. 

In one such technique, phosphorothioate 
linkages are utilized at the 5 1 -terminus of a target 
10 nucleic acid amplifying primer sequence, e.g., at the 
1 to about 10 5 ' -most residues. Upon PCR 
amplification of the target, the phosphorothioate 
linkages of the primer become incorporated into the 
amplified target nucleic acid as part of one of a 
15 pair of complementary strands. Treatment of the 

double- stranded resulting molecule with T7 polymerase 
exonuclease 6 removes the non-phosphorothioate- 
containing strand. 

In another technique, strand isolation can 

2 0 be accomplished by amplifying the target nucleic acid 

using PCR primers incorporated into the extended 
nucleic acid strand (with which a nucleic acid probe 
useful herein is designed to hybridize) that are not 
labeled, whereas primers for the complementary strand 
25 are labeled, such as with biotin. Then, the 

amplified nucleic acid is denatured and added to 
streptavidin linked to a solid support . A useful 
material is Streptavidin MagneSphere® paramagnetic 
particles (Promega, Z548A) , where a magnet can be 

3 0 used to separate the desired target nucleic acid 

strand from its biotinylated complementary strand. 
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Further discussion pertaining to pyrophosphorolysis 
is found in the parent cases cited above and 
incorporated herein by reference . 

5 Bo Exonuclease Digestion 

In other embodiments of the present 
invention, a method comprises depolymerizing the 
nucleic acid at a 3 1 -terminal nucleotide by 
enzymatically cleaving the terminal internucleoside 
10 phosphodiester bond to form an XMP as illustrated by 
the following reaction on double -stranded DNA having 
a 5 1 -overhang: 

5 1 . . . GpCpTpApApGpT-3 1 OH 
15 3 ' . . .CpGpApTpTpCpApCpTp-5 1 

4- enzyme 

5 ' . . . GpCpTpA- 3 ' OH 

3'.. .CpGpApTpTpCpApCpTp-5 ' 

20 

+ dAMP + dGMP + dTMP 

For example, such a hydrolysis reaction can 
be catalyzed by Klenow or Exonuclease III. 

25 in some embodiments (e.g., quantitative 

assays for nucleic acids) , the depolymerizing step is 
repeated essentially to completion or equilibrium to 
obtain at least two nucleotide molecules from a 
strand of minimally three nucleotides in order to 

30 increase detection sensitivity. In alternative 

embodiments, (e.g., qualitative detection of DNA), 
the depolymerizing step need not be repeated if there 
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are sufficient nucleic acid molecules present to 
generate a signal . 

In another embodiment of the present 
invention, terminally mismatched hybridized nucleic 
5 acid probes are first depolymerized into NMP or dNMP 
by exonuclease digestion according to the following 
reaction : 

Reaction 1: NA„ + H 2 0 -» NA^ + XMP 

10 

wherein NA^ is a nucleic acid, XMP is 
either a dNMP or NMP, and n is the number of 
nucleotides in the nucleic acid. 

This depolymerization reaction is shown 
15 more specifically below in the following reaction on 
double -stranded DNA having a 5 ' -overhang and 
mismatched bases at the 3 1 -terminus : 



5 ! . . . CpTpApApGPC" 3 ' 0H 
2 0 3 ' . . .GpApTpTpCpApCpTp-5 



enzyme 



5 ' . . . CpTpApApG-3 1 OH 
3 ' . . .GpApTpTpCpApCpTp-5 
2 5 + dCMP 



For example, such a depolymerization 
reaction can be catalyzed by bacteriophage T4 
polymerase in the absence of NTPs . In preferred 
embodiments, the released nucleotides, XMPs, are 
produced by nuclease digestion. 



Nuclease digestion can be accomplished by a 
variety of nucleases that release a nucleotide with a 
5' phosphate, including SI nuclease, nuclease Bal 31, 
mung bean nuclease, exonuclease III and ribonuclease 
H. Nuclease digestion conditions and buffers are 
known in the art. Nucleases and buffers for their 
use are available from commercial sources . 

In the biosynthesis of purine and 
pyrimidine mononucleotides, phosphor ibosyl-1- 
pyrophosphate (PRPP) is the obligatory ribose-5'- 
phosphate donor. PRPP itself is formed in a reaction 
catalyzed by PRPP synthetase through the transfer of 
pyrophosphate from ATP to ribose- 5 ' -phosphate . This 
reaction is known to be reversible as described in 
Sabina et al . , Science, 223:1193-95 (1984). 

In some embodiments of the present 
invention, the NMP or dNMP produced by nuclease 
digestion is preferably converted directly to NTP or 
dNTP by the enzyme PRPP synthetase in the following 
reaction: 

Reaction 2: XMP + PRPP XTP + ribose -5 » -P0 4 
wherein XMP is either AMP or dAMP, and XTP is either 
ATP or dATP. Preferably, this reaction produces a 
threshold ATP concentration of approximately 1X10" 12 M 
in 100 ul of sample. 

In this reaction, the pyrophosphate group 
of PRPP is enzymatically transferred to XMP 
molecules, forming XTP molecules. Examples of 
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suitable reaction conditions and buffers are set 
forth elsewhere herein. 

Utilization of the PRPP reaction in the 
nucleic acid detection system of the present 
5 invention has advantages over previously reported 

methods. For example, only one step is necessary to 
convert an AMP or dAMP to ATP or dATP, thereby 
simplifying the detection system. In addition, 
contamination of the detection reaction with 

10 exogenous ATP, ADP, or AMP is less likely using 
methods of the present invention, as compared to 
previously reported methods . 

In an embodiment wherein the depolymerizing 
enzyme exhibits 3 ' -» 5' exonuclease activity, the 

15 substrate is a double- stranded or single-stranded 

nucleic acid having a 3 ' -hydroxy 1 terminus. Enzymes 
having 3 ' -> 5' exonuclease activity that are useful in 
a process of the invention include E. coli DNA 
polymerase I , Klenow fragment and bacteriophage T4 

20 DNA polymerase. E. coli DNA polymerase I holoenzyme 
is not preferred in a process of the invention 
because it is preferable to avoid the 5 ' — » 3' 
exonuclease activity that degrades probe: target 
hybrids regardless of the degree of hybridization at 

25 the 3 '-terminus. Bacteriophage X exonuclease has 
only 5 1 -»3 ' exonuclease activity, so it is not a 
contemplated enzyme. Similarly, Tag DNA polymerase 
has a very low level of 3 ' — >5 ' exonuclease activity. 
Exonuclease III (Exo III) has 3' exonuclease activity 

30 on blunt-ended substrates or those having 5'- 
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overhangs or nicks with 3 1 -hydroxy 1 groups, and is 
thus useful in a process of the invention for 
depolyraerizing hybrids with matched 3 1 terminal 
nucleotides. However, Exo III is not limited to 
5 hybrids having only partially complementary 3 ' - 

termini, it requires a double stranded end, i.e. a 
matched terminal nucleotide. 

In an embodiment of the invention where the 
enzyme's activity is a 3 ' -> 5' exonuclease activity, 

10 the hybridized nucleic acid probe is depolymerized 
from its 3 ' -terminal nucleotide. In a preferred 
embodiment in the case of a 3 ' -» 5' exonuclease 
activity of a polymerase, the preferred substrate is 
a nucleic acid probe hybridized to an exogenous 

15 nucleic acid target sequence with partial 

complementarity at its 3 ' -terminal region, most 
preferably with a mismatch at its 3 1 -terminal residue 
that is an identifier nucleotide. 

A contemplated method is particularly 

2 0 useful in a multiplex assay environment in which a 

plurality of probes is utilized to determine whether 
one or more of a plurality of predetermined exogenous 
nucleic acid sequences is present or absent in a 
sample. A particularly useful area for such 
25 multiplex assays is in screening assays where the 
usual analytical output indicates that the sought- 
after exogenous gene is absent. 

In one illustrative embodiment, a nucleic 
acid sample is screened for the presence of a 

3 0 plurality of predetermined exogenous genes, e.g. 

viruses in a biological sample. In this embodiment, 
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the viruses usually are not present and the 
analytical output is, for example, at about 
background levels except where a virus with its 
exogenous nucleic acid is present. 
5 In another embodiment, a plurality of 

samples is examined for the presence or absence of 
microbe-specific genes. Here, again, where a 
population of healthy individuals, animals, or 
presumably sterile food is sampled, the absence of 
10 the sought-after exogenous genes provides an 

analytical output that is about background levels, 
and only in the rare instance of microbial 
contamination does a greater than the background 
output appear . 

15 In a multiplexed embodiment of the above 

process, the sample is admixed with a plurality of 
different exogenous nucleic acid probes, in some 
embodiments after amplification of the multiple 
nucleic acid targets as needed. In this embodiment 

20 of the invention, the analytical output for a certain 
result with one of the probes is distinguishable from 
the analytical output from the opposite result with 
all of the probes. 

In preferred embodiments, the ATP produced 

25 via NDPK conversion of released nucleotides in the 

presence of ADP is detected by a luciferase detection 
system or an NADH detection system. In still another 
embodiment of the present invention, the 
pyrophosphate transferring step and the phosphate 

3 0 transferring step are performed in a single pot 
reaction. In other preferred embodiments, if 
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increased sensitivity is required, the ATP molecules 
can be amplified. 

Analytical Output 

5 The analytical output is obtained by 

detection of the released identifier products, either 
the released nucleotides or the remainder of the 
probe. Exemplary detection systems include the light 
emitting luciferase detection system, the NADH light 

10 adsorption detection system (NADH detection system) , 
fluorescence emissions and mass spectrometry. These 
detection systems are discussed hereinbelow. 

The fact that nucleotides were released (a 
qualitative determination) , or even the number of 

15 nucleotides released (a quantitative determination) 

can be deduced through examination of the probe after 
depolymerization . The determination of the size of 
an oligonucleotide is well known in the art. For 
example gel separation and chromatographic 

2 0 separations are well known. Gel imaging techniques 

that take advantage of fluorescence and absorbance 
spectroscopy as well as radiographic methods . Mass 
spectrometry of oligonucleotides is also becoming 
more common . 

25 

A. Luminescence spectroscopy 

Luciferase detection systems are 
particularly useful for detecting ATP. In the 
presence of ATP and oxygen, luciferase catalyzes the 

3 0 oxidation of luciferin, producing light that can then 

be quantified using a luminometer. Additional 
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products of the reaction are AMP, pyrophosphate and 
oxylucif erin . 

In particularly preferred embodiments, ATP 
detection buffer referred to as L/L reagent (Promega, 
5 FF2021) is utilized. Preferably, about 5 to 10 ng of 
lucif erase are used in the reaction. Although it is 
not intended that the present invention be limited to 
a specific concentration of lucif erase, greater 
amounts of luciferase have a tendency to increase 

10 non-specific background. 

It is contemplated that in some 
embodiments, the dNTPs or NTPs produced by 
pyrophosphorolysis or nuclease digestion are 
converted to XTP, which can then be used directly as 

15 substrate for luciferase, permitting detection of the 
nucleic acid. However, the preferred substrate for 
luciferase is ATP, as demonstrated by Moyer and 
Henderson, Anal. Biochem. , 131:187-89 (1983). When 
DNA is the initial substrate, NDPK is conveniently 

20 utilized to catalyze the conversion of dNTPs to ATP 
by the following general reaction: 



Reaction 3 : dNTP* + ADP -» dNDP + ATP* 

wherein dNTP is a mixture of deoxyribonucleoside 
25 triphosphates and dNDP is the corresponding 

deoxyribonucleoside diphosphate. In Reaction 3, the 
terminal 5 1 -triphosphate (P*) of the dNTP is 
transferred to ADP to form ATP. 

Enzymes catalyzing this reaction are 
3 0 generally known as nucleoside diphosphate kinases 
(NDPKs) . NDPKs are ubiquitous, relatively 
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nonspecific enzymes. For a review of NDPK, see Parks 
and Agarwal, in The Enzymes, Volume 8, P. Boyer Ed. 
(1973) . 

The conversion of NTPs or dNTPs to ATP by 
NDPK is preferably accomplished by adding NDPK and a 
molar excess of ADP over the amounts of NTPs or dNTPs 
expected to be produced by pyrophosphorolysis or 
nuclease digestion, followed by pyrophosphorylation 
by PRPP synthetase. The utilization of ADP requires 
optimization of the amount of ADP added. Too much 
ADP results in high background levels. 

NDPK (EC 2.7.4.6) preparations from several 
biological sources are commercially available from 
several suppliers. For example yeast NDPK is 
available from Sigma Chemical Co., St. Louis, MO, 
whereas bovine NDPK is available from ICN 
Biochemicals, Inc., Costa Mesa, CA. The particular 
NDPK selected for most uses described herein is 
typically a matter of choice. 

The Tne triple mutant DNA polymerase is 
described in detail in WO 96/41014, whose disclosures 
are incorporated by reference, and its 610 residue 
amino acid sequence is provided as SEQ ID NO: 35 of 
that document. That enzyme is referred to in WO 
96/41014 as Tne M284 (D323A, D389A) . 

Briefly, that enzyme is a triple mutant of 
the polymerase encoded by the thermophilic 
eubacterium Thermotoga neapolitana (ATCC 49049) . The 
amino-terminal 283 residues of the native sequence 
are deleted and the aspartic acid residues at 
positions 323 and 389 of the native sequence are 



replaced by alanine residues in this recombinant 
enzyme. This recombinant enzyme is thus a deletion 
and replacement mutant of the native enzyme. 

Deletion of the amino-terminal sequence 
removes the 5' exonuclease activity of the native 
enzyme, whereas replacement of the two aspartic acid 
residues removes a magnesium binding site whose 
presence facilitates exonuclease activity, and this 
triple mutant also exhibited no 3 ' exonuclease 
activity relative to the recombinant native enzyme. 
This triple mutant enzyme exhibited a half-life at 
97.5°C of 66 minutes as compared to the full length 
recombinant enzyme that exhibited a half-life of only 
5 minutes at that temperature . 

A reaction containing NDPK contains about 
0.01 to 0.50 uM ADP, preferably about 0.05 uM ADP . 
Various useful buffers and other reaction components 
are set forth elsewhere. NDPK is itself present in 
an amount sufficient to catalyze the desired 
conversion of ADP to ATP. In a typical assay 
starting from a 20 (J.L depolymerization reaction, 
about 0.1 U of NDPK are used. 

Where larger volumes of reactants are used, 
with the target and probe concentrations being 
approximately proportionately larger, the amount of 
NDPK or the other enzymes discussed herein can be 
used in a similar larger proportion relative to the 
amount discussed for the 20 [iL reaction. Indeed, a 
2 0 uL reaction has been successfully scaled down 



about two fold and scaled upwardly by a factor of 
about 20. 

B. Mass Spec trome trie Analysis 

In one method of the invention, the 
presence of released nucleotides is analyzed via mass 
spectrometry. In an embodiment of a method using 
mass spectrometry, the treated reaction mixture is 
ionized in a manner such that all components of the 
treated reaction mixture in the molecular weight 
range of the released identifier nucleotides are 
measured. Very small differences in molecular weight 
can be detected using mass spectrographic methods 
(different isotopes of the same atom are detectable) , 
so any variation from a natural nucleic acid, 
including a single atom substitution (e.g. a fluorine 
in place of a hydrogen atom or a replacement of a 
hydrogen by a deuterium atom) in the identifier 
nucleotide gives rise to a detectable difference. 
Nucleic acid analogs used in methods of the invention 
should not interfere with either the hybridization of 
the nucleic acid probe or depolymerization of the 
hybridized probe. 

Additionally, mass spectrometry can 
discriminate between individual nucleotides or 
nucleosides. For example, if the 3 ' -identifier 
nucleotide used in the instant invention was a G 
nucleotide, mass spectrometry can be used to detect 
the release of that G nucleotide in a method of the 
present invention. Similarly, mass spectrometry can 
detect the release of an A, T or C nucleotide, based 
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on the differences in atomic weight of these 
compounds. Thus, in a multiplexing embodiment of the 
present invention, mass spectrometry can be used to 
resolve the presence of one or more of these 3 ' - 
5 identifier nucleotides. 

In a particularly useful aspect of this 
embodiment, a mass spectral technique referred to as 
DIOS (desorption/ionization on silicon) was recently 
reported by Wei et al . , Nature, 399:243(1999) that 

10 can accurately perform one or multiple assays on 
picogram or attagram amounts using commercially 
available mass spectrographs adapted with a 
specialized porous silicon sample well. The older, 
well known, MALDI mass spectrographic assay 

15 techniques can also be utilized. 

In an embodiment of a multiplex method 
using mass spectrometry, multiple different 
identifier nucleotides can be used in the various 
nucleic acid probes. Using such a technique the 

2 0 presence of the different identifier nucleotides is 
direct evidence of the presence of the nucleic acid 
target sequences. 

C Fluorescence Spectroscopic Analysis 

2 5 In some contemplated embodiments, the 

identifier nucleotide emits fluorescence. For 
example, in one embodiment when the nucleotide has a 
fluorescent label, the analytical output is obtained 
by fluorescence spectroscopy. In an alternative 

3 0 embodiment when the nucleotide has a fluorescent 



label, the analytical output is obtained by mass 
spectrometry . 

In a preferred embodiment of the invention, 
the fluorescent label is part of a fluorescent analog 
of a nucleotide. Fluorescent nucleotide analogs are 
widely known and commercially available from several 
sources. An exemplary source is NEN™ Life Science 
Products (Boston, Massachusetts), who offer dideoxy- , 
deoxy- , and ribonucleotide analogs a labeled with 
fluorescein, coumarin, tetramethylrhodamine , 
naphthof luorescein, pyrene, Texas Red®, and 
Lissamine™. Other suppliers include Amersham 
Pharmacia Biotech (Uppsala, Sweden; Piscataway, New 
Jersey) and MBI Fermentas, Inc. (Amherst, New York) . 

An advantage to using fluorescent labels 
and fluorescence spectroscopy analysis is that there 
are multiple different labels. Such different labels 
would be particularly useful in a multiplex 
embodiment of the invention. Different fluorescent 
labels would be used in different probes, so that the 
detection of a particular f luorescently-labeled 
nucleotide analog as a released identifier nucleotide 
could be used to deduce which nucleic acid targets 
are present . 

For example, fluorescein has a 48 8 nm 
excitation and 52 0 nm emission wavelength, whereas 
rhodamine (in the form of tetramethyl rhodamine) has 
550 nm excitation and 575 nm emission wavelength. A 
fluorescence detector provides an excitation source 
and an emission detector. The emission wavelengths 
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of 520 nm and 575 nm are easily distinguishable using 
fluorescence spectroscopy. 

On a per molecule basis, fluorescence 
spectroscopy is about 10 -fold more sensitive than 
5 absorbance spectroscopy. A very wide variety of 
fluorescence spectroscopy-based detectors are 
commercially available for reading fluorescence 
values of single tubes, flow cells and mult i -well 
plates, among others. For example, Labsystems 

10 Multiskan models of microplate readers are widely 

available with a spectral range of 400 to 750 nm, and 
filters for 340, 405, 414, 450, 492, 540, 620, and 
690 nm (e.g. Fisher Scientific, Pittsburgh, 
Pennsylvania) . 

15 it is contemplated that a released 

identifier nucleotide could be labeled before or 
after depolymerization using cross-linking chemistry 
well known in the art with commercially available 
reagents. For example, fluorescein isothiocyanate 

20 and rhodamine B isothiocyanate are both available 

from Aldrich Chemical Company (Milwaukee, Wisconsin) . 
References to fluorescein isothiocyanate ' s use in 
labeling biological molecules include Nature, 193:167 
(1962), Methods Enzymol . 26:28 (1972), Anal. 

25 Biochem. , 57:227 (1974), Proc. Natl. Acad. Sci . , 
U.S. , 72 :459 (1975) . 

It is contemplated that for many 
embodiments of the invention, it is useful to 
separate released fluorescent identifier nucleotides 

30 from those bound to an oligonucleotide, such as a 

probe. Thus, the separation techniques well known in 
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the art and discussed above are useful with such an 
embodiment, including HPLC fitted with a fluorescence 
detector. The enhanced sensitivity of fluorescence 
relative to other spectroscopic techniques can be 
5 used to increase the sensitivity of a detection or 
quantification process of the invention. 

In an alternative embodiment wherein the 
analytical output is determined using fluorescence 
spectroscopy, an NADH detection system is used. In 

10 the NADH detection system, a combination of two 

enzymes, phosphoglycerate kinase and glyceraldehyde 
phosphate dehydrogenase, is used to catalyze the 
formation of NAD from NADH in the presence of ATP. 
Thus, this is in effect an ATP detection system, and 

15 much of the discussion herein relating to the 
detection of ATP with respect to the 
lucif erase/lucif erin system applies here. Because 
NADH is fluorescent whereas NAD is not, ATP is 
measured as a loss in fluorescence intensity. 

2 0 Examples of NADH based ATP assays are disclosed in 
United States Patent Nos. 4,735,897, 4,595,655, 
4,446,231 and 4,743,561, and UK Patent Application GB 
2,055,200, all of which are herein incorporated by 
reference . 

25 

D. Absorbance Spectroscopic Analysis 

An absorbance spectrographic analysis step 
is contemplated to provide an analytical output, 
thereby provide for the determination of the presence 
30 or absence released identifier nucleotide, and 

indicate the presence or absence of said nucleic acid 
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target sequence. This embodiment contemplates the 
chromatographic separation of a reaction mixture that 
has been treated with a depolymerizing amount of an 
enzyme whose activity is to release one or more 
5 nucleotides from the 3 '-terminus of a hybridized 
nucleic acid. 

In an illustrative embodiment, a 
multiplexed assay for the presence of several 
different nucleic acid target sequences in a sample 

10 is analyzed by absorbance spectroscopy. Several 
labeled probes to various nucleic acid target 
sequences are added to a nucleic acid sample. The 
labels on the probes may be various nucleotide 
analogs, a different one for each probe. A 

15 depolymerizing enzyme is added, such as Klenow exo-, 
releasing the labeled nucleotides and other 
nucleotides from the 3 '-termini of probes hybridized 
to target sequences when the 3' terminal nucleotide 
is matched. 

20 The reaction solution is loaded onto a pre- $ 

equilibrated High Pressure Liquid Chromatography 
(HPLC) column and eluted under conditions that 
separate the nucleotide analogs from the natural 
nucleotides. Useful media for chromatographic 

25 separation of nucleotides, bases, and nucleosides 

include reverse phase media, such as a reverse phase 
CI 8 column or ODS-80T M or ODS-12 0T TSK-GEL by TosoHaas 
(Montgomeryville , Pennsylvania) , anion exchange 
media, such as DEAE-25SW or SP-25W TSK-GEL by 

3 0 TosoHaas (Montgomeryville, Pennsylvania) , or affinity 
media, such as Boronate-5PW TSK-GEL by TosoHaas 
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(Montgomeryville, Pennsylvania) . Example 65 
illustrates an embodiment of the present invention 
using HPLC. 

The HPLC column is fitted with an 
5 absorbance detector to monitor the column effluent . 
Hence, "absorbance spectroscopy" for this type of 
analysis. Typical wavelengths for monitoring HPLC 
detection of nucleotides are 250 nm, 260 nm and 280 
nm. Such separations of nucleotides and nucleotide 

10 analogs are well known in the art. Revich et al . , J. 
Chromatography, 317:283-300 (1984), and Perrone & 
Brown, J". Chromatography, 317:301-310 (1984) provide 
examples of the HPLC separation of dNTPs . 

Identification of the separated nucleotide 

15 analogs can be accomplished by comparison of the 
retention times (as monitored by absorbance of 
effluent at various times) of standards of the 
nucleotide analogs separated on the same HPLC column 
under the same conditions. Alternatively, the 

20 identity of the nucleotide analogs collected in 
separate fractions (as determined by continually 
monitoring the absorbance of the column effluent) can 
be determined by other standard analytical methods, 
such as nuclear magnetic resonance or atomic analysis 

25 (H, C , N) . 

In this illustrative example using 
depolymerization with Klenow exo-, the presence of a 
released identifier nucleotide from a particular 
probe indicates the presence of the target sequence 
3 0 that hybridize with that probe. 
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In an alternative embodiment, the released 
nucleotides from a depolymerization reaction mixture 
are separated on a gas chromatograph fitted with an 
absorbance detector to monitor column effluent . 

5 

Probe-Mediated Specific Nucleic Acid Detection 

In yet another preferred embodiment, the 
probe -mediated specific nucleic acid detection method 
of the present invention can be used to simply 

10 identify or detect a nucleic acid of interest. For 
this method, a nucleic acid probe (e.g. , DNA or RNA) 
is utilized which is substantially complementary to 
the target nucleic acid, which can be RNA or DNA. In 
a particularly preferred embodiment, the nucleic acid 

15 probe is entirely complementary to the exogenous 
target nucleic acid. The nucleic acid probe 
comprises single-stranded nucleic acid (e.g., DNA or 
RNA) . The probe can be of varying lengths, 
preferably from about 10 to about 1000 bases, most 

2 0 preferably about 10 to 100 bases. Detection is 
carried out as described above. The nucleic acid 
probe-nucleic acid target/probe hybrid (complex) is 
exposed to conditions permitting depolymerization of 
the probe, which results in the production of XTPs . 

25 Detection of the nucleic acid of interest is 

characterized by a difference in the signal generated 
by the XTPs produced. Preferably, the XTPs are 
converted to ATP as described above and the ATP 
detected by a lucif erase or NADH detection system. 

30 Preferred conditions for depolymerization 

(depolymerization conditions) are described elsewhere 
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herein. The nucleotides are then detected. In some 
preferred embodiments, the nucleotides are converted 
to ATP equivalents as described hereinabove and in 
the Examples . In preferred embodiments, the ATP is 
5 detected by lucif erase (luminescence spectroscopy) or 
NADH (fluorescence spectroscopy) detection systems. 

As mentioned before, the determination of 
an appropriate nucleic acid target sequence useful 
for designing nucleic acid probes for use in a method 

10 of the invention is within the skill of the art. 

Depolymerization reactions can also be used 
to interrogate the identity of a specific base in a 
nucleic acid. For example, the identity of single 
base point mutations, deletions, or insertions in a 

15 nucleic acid can be determined as follows. 

In one embodiment, a nucleic acid probe is 
synthesized that is substantially complementary to a 
target nucleic acid containing or suspected of 
containing a point mutation. It will be recognized 

20 that various hybridization conditions can be used, so 
as to vary the stringency at which hybridization 
occurs. Thus, depending upon the system utilized, 
the complementarity of the probe can be varied. 
Depending on the length of the probe, the GC content, 

25 and the stringency of the hybridization conditions, 

the probe can have as many as 10 base mismatches with 
the target nucleic acid, and preferably less than 5 
mismatches. Most preferably, the probe has only one 
base mismatch with the target nucleic acid or is 

3 0 completely complementary to the target nucleic acid. 
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The nucleic acid probe comprises single - 
stranded nucleic acid (e.g., DNA or RNA) . The probe 
can be of varying lengths, preferably from about 10 
to 100 bases, most preferably about 10 to 3 0 bases. 
5 In particularly preferred embodiments, the probe is 
complementary to the target at all bases between an 
interrogation position and 3 ' end of the nucleic acid 
probe . 

In preferred embodiments, the probe is 

10 designed to have a predetermined nucleotide at an 

interrogation position. When the complementary probe 
base pairs or hybridizes to the target nucleic acid, 
the base at an interrogation position aligns with the 
base in the nucleic acid target whose identity is to 

15 be determined under conditions such that base pairing 
can occur. It is contemplated that an interrogation 
position can be varied within the probe. For 
example, in some preferred embodiments, an 
interrogation position is preferably within 10 bases 

20 of the 3 ! end of the nucleic acid probe. In still 
other preferred embodiments, an interrogation 
position is within 6 bases of the 3 ' end of the 
nucleic acid probe. In particularly preferred 
embodiments, an interrogation position is at the next 

25 to last or last base at the 3 1 end of the nucleic 
acid probe. 

In some preferred embodiments, four 
different probes of equal length are synthesized, 
each having a different nucleotide at an 

3 0 interrogation position. Accordingly, it is 

contemplated that in some embodiments, a set of DNA 
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probes includes a first probe with a deoxyadenosine 
residue at an interrogation position, a second probe 
with a deoxythymidine residue at an interrogation 
position, a third probe with a deoxyguanosine residue 
at an interrogation position, and a fourth probe with 
a deoxycytosine residue at an interrogation position. 
Likewise, it is also contemplated that a set of RNA 
probes includes a first probe with an adenosine 
residue at an interrogation position, a second probe 
with a uridine residue at an interrogation position, 
a third probe with a guanosine residue at an 
interrogation position, and a fourth probe with a 
cytosine residue at an interrogation position. 

In the next step of some embodiments, the 
probe or probes are hybridized to the exogenous 
target nucleic acid in separate reactions so that a 
probe nucleic acid-target nucleic acid complex is 
formed. It is contemplated that hybridization 
conditions can vary depending on the length and base 
composition of the probe. 

In the probe-target nucleic acid complex, 
the nucleotide at an interrogation position is 
aligned with the specific base to be identified in 
the nucleic acid. In embodiments in which a set of 
probes is utilized, a different reaction is performed 
with each probe. In a multiplex embodiment, the set 
of probes can be used simultaneously. Because the 
probes differ at an interrogation position only one 
of the probes is complementary to the specific base 
in the target nucleic acid that is aligned with an 
interrogation position. 
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In the next step of some embodiments, the 
nucleic acid probe-target nucleic acid complexes are 
individually reacted under conditions permitting 
depolymerization of the hybridized probe. The 
preferred reaction conditions for depolymerization 
are described before and in the following Examples. 
The nucleotides are then detected. 

In preferred embodiments, the reaction 
mixture also contains reagents necessary to catalyze 
the conversion of XTP to ATP equivalents as described 
in reaction 3 and in the following Examples. In some 
preferred embodiments, the nucleotides and/or ATP 
produced by the depolymerization reaction are then 
detected by either a luciferase or NADH detection 
system. Complementarity of the base at an 
interrogation position of the nucleic acid probe to 
the corresponding base in the nucleic acid target is 
characterized by detection of a signal generated from 
ATP following depolymerization. 

In particularly preferred embodiments, the 
identity of the specific base is determined by 
comparing the amount of ATP produced in each 
reaction. Depolymerization of the probe proceeds 
from its 3' end. When the base at an interrogation 
position is not complementary to the specific base in 
the nucleic acid, very little or no ATP is produced, 
and thus no signal results. In alternative 
embodiments, this method can be practiced with from 
one to four probes. It is contemplated that 
utilizing multiple probes, {e.g., each with a 
different base at an interrogation position) , may 
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prove unnecessary if a positive signal is produced 
{e.g., with the first probe tested) . 

Assays Using Hairpin Structures 

5 Although it is preferred that the probes be 

constructed to be free of hairpin structures, assays 
in which hairpin structures are constructed are also 
useful. An embodiment of the invention, such as 
demonstrated in Example 20, contemplates use of a 

10 hairpin structure for determining the presence or 
absence of a nucleic acid target sequence in a 
nucleic acid sample with a probe that is hybridized 
to the exogenous target and then modified to be able 
to form a hairpin structure. This embodiment 

15 comprises the following steps. 

A treated sample is provided that contains 
a nucleic acid sample that may include an exogenous 
nucleic acid target sequence having an interrogation 
position. The target sequence, if present in the 

20 nucleic acid sample is hybridized with a nucleic acid 
probe. The probe is comprised of at least two 
sections. The first section contains the probe 3'- 
terminal about 10 to about 30 nucleotides. These 
nucleotides are complementary to the target strand 

25 sequence at positions beginning about 1 to about 3 0 

nucleotides downstream of the interrogation position. 
The second section of the probe is located at the 5'- 
terminal region of the probe and contains about 10 to 
about 20 nucleotides of the target sequence. This 

3 0 same sequence, therefore, exists in both the target 

and the probe in the same 5 ! to 3 ' orientation. This 
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sequence spans the region in the target from the 
nucleotide at or just upstream (5') of the 
interrogation position, to the nucleotide just 
upstream to where the 3 ' -terminal nucleotide of the 
5 probe anneals to the target. An optional third 
section of the probe, from zero to about 50, 
preferably from zero to about 20, nucleotides in 
length and comprising a sequence that does not 
hybridize with either the first or second section, is 
10 located between the first and second sections of the 
probe . 

The probe of the treated sample is extended 
in a template -dependent manner, by admixture with 
dNTPs and a template -dependent polymerase, at least 
15 through the interrogation position, thereby forming 
an extended probe/target hybrid that contains a 
sequence complementary to that at the interrogation 
position. In a preferred embodiment, the length of 
the probe extension is limited by omission from the 

2 0 extension reaction of a dNTP complementary to a 

nucleotide of the target sequence that is present 
upstream of the interrogation position and absent 
between the nucleotide complementary to the 3 ' -end of 
the interrogation position. 
25 The extended probe/target hybrid is 

separated from any unreacted dNTPs; i.e., purified at 
least to the degree needed to use the extended probe 
strand to determine the presence or absence of the 
interrogation region in the sample or the identity of 

3 0 the base at the interrogation position. The extended 

probe/target hybrid is denatured to separate the 
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strands. The extended probe strand is permitted to 
form a hairpin structure. 

A treated reaction mixture is formed by- 
admixing the hairpin structure-containing composition 
5 with a depolymerizing amount of an enzyme whose 

activity is to release one or more nucleotides from 
the 3 ' -terminus of an extended probe hairpin 
structure. The reaction mixture is maintained under 
depolymerizing conditions for a time period 

10 sufficient for the depolymerizing enzyme to release 
3 '-terminus nucleotides, and then analyzed for the 
presence of released identifier nucleotides. The 
analytical output indicates the presence or absence 
of the exogenous nucleic acid target sequence. That 

15 analytical output can be determined as discussed 
elsewhere herein. 

A still further embodiment of the 
invention, such as that termed REAPER™ and 
demonstrated in Example 21 and Fig. 2, also 

2 0 contemplates use of hairpin structures in determining 

the presence or absence of an exogenous nucleic acid 
target sequence, or a specific base within the target 
sequence, in a nucleic acid sample, and comprises the 
following steps. A treated sample is provided that 
25 contains a nucleic acid sample that may include an 
exogenous nucleic acid target sequence hybridized 
with a first nucleic acid probe strand (Fig. 2A) . 

The hybrid is termed the first hybrid. The 
first probe is comprised of at least two sections. 

3 0 The first section contains the probe 3 1 -terminal 

about 10 to about 3 0 nucleotides that are 
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complementary to the target nucleic acid sequence at 
a position beginning about 5 to about 3 0 nucleotides 
downstream of the target interrogation position. The 
second section of the first probe contains about 5 to 

5 about 3 0 nucleotides that are a repeat of the target 
sequence from the interrogation position to about 10 
to about 3 0 nucleotides downstream of the 
interrogation position, and does not hybridize to the 
first section of the probe. That is, the second 

0 sequence is a repeat of the region in the exogenous 
target sequence from the interrogation position 
downstream to the position where the 3 1 -terminal 
nucleotide of the first probe aligns with the target. 
An optional third section of the probe, located 

5 between the first and second sections of the probe, 
is zero to about 50, preferably to about 20, 
nucleotides in length and comprises a sequence that 
does not hybridize to either the first or second 
section . 

0 The first hybrid in the treated sample is 

extended at the 3 ' -end of the first probe, thereby 
extending the first probe past the interrogation 
position and forming an extended first hybrid (Fig. 
2B) whose sequence includes an interrogation position 

5 and a sequence complementary to the exogenous target 
sequence and the exogenous target sequence 
interrogation position. The extended first hybrid is 
comprised of the original target nucleic acid and 
extended first probe. The extended first hybrid is 

0 then denatured in an aqueous composition to separate 
the two nucleic acid strands of the hybridized duplex 
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and form an aqueous solution containing a separated 
target nucleic acid and a separated extended first 
probe . 

A second probe, that is about 10 to about 
2000, more preferably about 10 to about 200, most 
preferably about 10 to about 3 0 nucleotides in length 
and is complementary to the extended first probe at a 
position beginning about 5 to about 2 000, preferably 
about 5 to about 200, nucleotides downstream of the 
interrogation position in extended first probe, is 
annealed to the extended first probe, thereby forming 
the second hybrid (Fig. 2C) . The second hybrid is 
extended at the 3 ' -end of the second probe until that 
extension reaches the 5 * -end of the extended first 
probe, thereby forming a second extended hybrid (Fig. 
2D) whose 3 ' -region includes an identifier 
nucleotide . 

It is preferred that the polymerase enzyme 
utilized for an extension reaction be a template- 
dependent polymerase that is free of activity that 
adds a 3 ' -terminal deoxyadenosine in a template- 
nonspecific manner. Thus, it is preferred to use 
other than a polymerase such as Tag for a 
contemplated extension. 

An aqueous composition of the extended 
second hybrid is denatured to separate the two 
nucleic acid strands; i.e., the extended second probe 
and the extended first probe. The aqueous 
composition so formed is cooled to form a "hairpin 
structure" from the separated extended second probe 
(Fig. 2E) when the target sequence is present in the 
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original nucleic acid sample. Thus, when the 
exogenous target sequence is present in the original 
nucleic acid sample, the 3 ' -terminal sequence of the 
second extended probe in the second extended hybrid 
5 hybridizes with the sequence of the second extended 
probe from a region comprising the interrogation 
position and nucleotides downstream from the 
interrogation position of second extended probe to 
the nucleotide position where the 3 1 -terminal 

10 nucleotide of the original (first-named) probe 
annealed to the original target . 

A treated reaction mixture is formed by 
admixing the hairpin structure-containing composition 
with a depolymerizing amount of an enzyme whose 

15 activity is to release one or more nucleotides from 
the 3 1 -terminus of a nucleic acid hybrid. The 
reaction mixture is maintained under depolymerizing 
conditions for a time period sufficient to release 
3 '-terminal region identifier nucleotides, and then 

20 analyzed for the presence of released identifier 
nucleotides. The analytical output indicates the 
presence or absence of the exogenous nucleic acid 
target sequence. Again, the analytical output can be 
determined by one of the several methods discussed 

25 elsewhere herein. 

As was the case in the previous embodiment, 
dNTPs are utilized in the extension reactions. It is 
preferred that the hairpin structures be separated 
from the dNTPs prior to depolymerization to enhance 

30 the analysis for the identifier nucleotide. 
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Kits 

Other embodiments of the invention 
contemplate kits for determining the presence or 
absence of a predetermined exogenous nucleic acid 
target sequence in a nucleic acid sample. Such a kit 
comprises an enzyme whose activity is to release one 
or more nucleotides from the 3' terminus of a 
hybridized nucleic acid probe and at least one 
nucleic acid probe, said nucleic acid probe being 
complementary to the predetermined exogenous nucleic 
acid target sequence. 

The kit optionally further comprises a 
nucleoside diphosphate kinase . Preferably, the 
nucleoside diphosphate kinase is that encoded by 
Pyrococcus furiosis . The kit optionally further 
comprises instructions for detecting the nucleic acid 
by depolymerization . 

Preferably the enzyme whose activity is to 
release nucleotides in the kit is a template 
dependent polymerase that, in the presence of 
pyrophosphate ions, depolymerizes hybridized nucleic 
acids whose bases in the 3 '-terminal region are 
matched with total complementarity. Alternatively, 
the enzyme whose activity is to release nucleotides 
in the kit exhibits a 3' to 5' exonuclease activity, 
depolymerizing hybridized nucleic acids having one or 
more mismatched bases at the 3 ! terminus of the 
hybridized probe. 

It is to be understood that such a kit is 
useful for any of the methods of the present 
invention. The choice of particular components is 



-89- 



dependent upon the particular method the kit is 
designed to carry out. Additional components can be 
provided for detection of the analytical output, as 
measured by the release of identifier nucleotide, or 
5 by detection of the remaining probe after 

depolymerization. For example, lucif erase assay 
reagent can be provided in the kits of the invention 
for detection of an identifier nucleotide released 
from the 3 '-terminal region of a probe. 

10 The instructions present in such a kit 

instruct the user on how to use the components of the 
kit to perform the various methods of the present 
invention. These instructions can include a 
description of the detection methods of the 

15 invention, including detection by luminescence 
spectroscopy, mass spectrometry, fluorescence 
spectroscopy, and absorbance spectroscopy. 

In another embodiment, the invention 
contemplates a kit for determining the presence or 

2 0 absence of at least one predetermined exogenous 

nucleic acid target sequence in a nucleic acid sample 
comprising the following components: an enzyme whose 
activity, under depolymerizing conditions and in the 
presence of pyrophosphate is to release identifier 

2 5 nucleotide as a nucleoside triphosphate from 

hybridized nucleic acid probe; adenosine 5' 
diphosphate; pyrophosphate; a nucleoside diphosphate 
kinase; and at least one nucleic acid probe, wherein 
the nucleic acid probe is complementary to the 

3 0 predetermined exogenous nucleic acid target sequence. 
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Preferably, the enzyme whose activity in 
the presence of pyrophosphate is to release 
identifier nucleotides is the Tne triple mutant DNA 
polymerase, Klenow exo-, Klenow, T4 DNA polymerase, 

5 Ath DNA polymerase, Taq DNA polymerase and Tvu DNA 
polymerase, most preferably Tne triple mutant DNA 
polymerase, Klenow exo-, or Tvu DNA polymerase. In 
an alternative embodiment, a thermostable polymerase 
is preferred, wherein in the thermostable polymerase 

0 is preferably the Tne triple mutant DNA polymerase, 
T4 DNA polymerase, Ath DNA polymerase, Taq DNA 
polymerase and Tvu DNA polymerase, most preferably 
Tne triple mutant DNA polymerase, or Tvu DNA 
polymerase. Preferably, the nucleoside diphosphate 

5 kinase is that encoded by Pyrococcus furiosis . The 
kit optionally comprises instructions for use. 

In another embodiment, the invention 
contemplates a kit for determining the presence or 
absence of a predetermined exogenous nucleic acid 

0 target sequence in a nucleic acid sample comprising 
an enzyme whose activity is to release one or more 
nucleotides from the 3' terminus of a hybridized 
nucleic acid probe and instructions for use. Such a 
kit optionally comprises a nucleoside diphosphate 

5 kinase. Preferably, the nucleoside diphosphate 

kinase is that encoded by Pyrococcus furiosis . The 
kit further optionally comprises a nucleic acid probe 
complementary to the predetermined exogenous nucleic 
acid target sequence. 

0 In other embodiments of the present 

invention, nucleic acid detection test kits are 
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provided for performing a depolymerization method 
contemplated by this invention, and particularly a 
depolymerization detection method. 

In one embodiment, the kit includes a 
5 vessel containing an enzyme capable of catalyzing 

pyrophosphorolysis, including, but not limited to Taq 
polymerase, Trie polymerase, Trte triple mutant 
polymerase, Tth polymerase, Tvu polymerase, Ath 
polymerase, T4 DNA polymerase, Klenow fragment, 

10 Klenow exo minus, E. coli DNA polymerase I, AMV 

reverse transcriptase, MMLV reverse transcriptase, or 
poly (A) polymerase, preferably a thermostable 
polymerase, most preferably Tne triple mutant 
polymerase or Tvu polymerase. In another embodiment, 

15 the kit contains a vessel that contains an 

exonuclease such as SI nuclease, nuclease BAL 31, 
mung bean nuclease, exonuclease III and 
ribonuclease H. 

Either of the above enzyme types is 

20 utilized in a contemplated method in a depolymerizing 
effective amount. That is, the enzyme is used in an 
amount that depolymerizes the hybridized probe to 
release an identifier nucleotide under depolymerizing 
conditions. This amount can vary with the enzyme 

25 used and also with the temperature at which 

depolymerization is carried out. An enzyme of a kit 
is typically present in an amount of about 0.1 to 100 
U/reaction; in particularly preferred embodiments, 
the concentration is about 0.5 U/reaction. An amount 

3 0 of enzyme sufficient to carry out at least one assay, 
with its controls is provided. 



As noted elsewhere, the preferred 
analytical output for determining the presence or 
absence of identifier nucleotide is luminescence 
caused by the reaction of ATP with luciferin in the 
presence of lucif erase. A kit containing a 
pyrophosphorylation enzyme for use in DNA detection 
using luminescence also preferably includes a vessel 
containing NDPK and a vessel containing ADP . 
Similarly, a kit containing an exonuclease enzyme for 
use in DNA detection using luminescence also 
preferably includes a vessel containing PRPP 
synthetase and a vessel containing ADP . The NDPK or 
PRPP synthetase is provided in concentration of about 
0.01 to 100 U/reaction, preferably about 0 . 1 to about 
1.0 U/reaction. 

Preferably, these reagents, and all of the 
reagents utilized in the kits discussed herein, are 
free of contaminating ATP and adenylate kinase. Some 
of the contaminants can be removed from the enzymes 
by dialysis treatment or by heat treatment. 

Optionally, the kit contains vessels with 
reagents for amplification of dNTPs or NTP to ATP. 
Amplification reagents include, but are not limited 
to pyruvate kinase, adenylate kinase, NMPK, NDPK, AMP 
(e.g., as the amplification enzymes and substrate), 
and dCTP or AMP-CPP (e.g., as high-energy phosphate 
donors) . In particularly preferred embodiments, the 
kit can be packaged in a single enclosure including 
instructions for performing the assay methods. In 
some embodiments, the reagents are provided in 
containers and are of a strength suitable for direct 



-93- 



use or use after dilution. In alternative preferred 
embodiments, a standard set can also be provided in 
order to permit quantification of results. In yet 
other preferred embodiments, test buffers for optimal 
5 enzyme activity are included. 

In yet other embodiments, a contemplated 
kit comprises a nuclease, PRPP synthetase, PRPP, 
NDPK, and ADP together with lucif erase and luciferin. 
In preferred embodiments, the nuclease is provided in 

10 a concentration of about 1 to 500 U/reaction; in 

particularly preferred embodiments at a concentration 
of about 20 U/reaction. In a particularly preferred 
embodiment, the PRPP synthetase is provided in 
concentration of about 0.01 U/reaction to 10 

15 U/reaction, preferably about 0.1 U/reaction. In some 
preferred embodiments, the kit includes all these 
reagents with luciferase and luciferin being provided 
as a single reagent solution. 

In other preferred embodiments, these 

20 reagents include, but are not limited to, a high 

energy phosphate donor which cannot be utilized by 
luciferase, preferably dCTP, and AMP together with 
luciferase and luciferin. In alternative preferred 
embodiments, the kit includes all these reagents with 

25 luciferase and luciferin being provided in the same 
solution . 

In still further embodiments of the present 
invention, the kits described above can contain a 
probe or probes for probe -mediated specific nucleic 
30 acid detection. In some embodiments, the kit 
contains at least one nucleic acid probe for a 
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nucleic acid target of interest. In other 
embodiments, the kits contain multiple probes, each 
of which contain a different base at an interrogation 
position or which are designed to interrogate 
5 different target DNA sequences. 

The types of nucleic acid probes that can 
be included in the kits and their uses are described 
in greater detail herein. 

10 Example 1: Reduction of Probe-alone Background 

Values for Probes Designed to 
Interr ogate a Viral Sequence 

In this example, the background light 
values from probe-alone reactions are reduced by 

15 alteration of reaction conditions. More 

specifically, the values from such background 
reactions are reduced by lowering the Klenow exo- 
level in the reactions. In addition, the probes are 
used to assay the relative probe signal strength 

2 0 values for probes that hybridize to the same DNA 
strand versus probes that hybridize to different 
strands but that interrogate the same nucleotide 
polymorphism site. 

Oligonucleotides CV11 (SEQ ID N0:1) and 

2 5 CV12 (SEQ ID NO : 2 ) are a pair of single- stranded DNAs 

that can hybridize together to produce a segment of 
the genome of cytomegalovirus (CMV) in a form 
sensitive to the drug gancyclovir. Oligonucleotides 
CV13 {SEQ ID NO: 3) and CV14 (SEQ ID NO: 4) are a pair 

3 0 of single-stranded DNAs that can hybridize together 

to produce the same segment of the CMV genome, but 
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differ from CV11 and CV12 in that they contain a SNP 
that represents a form of the virus resistant to the 
drug gancyclovir. 

Probe oligonucleotide CV15 (SEQ ID NO: 5) 
5 can hybridize with exact homology to a segment of 
CV12 . Probe oligonucleotide CV16 (SEQ ID NO: 6) is 
identical to CV15 except that it contains a one base 
change from the CV15 sequence at the site of the SNP 
that confers drug resistance to the virus. Probe 

10 oligonucleotide CV17 (SEQ ID NO: 7) can hybridize with 
exact homology to CV11. Probe oligonucleotide CV18 
(SEQ ID NO: 8) is identical to CV17 except that it 
contains a one base change from the CV17 sequence at 
the site of the SNP that confers drug resistance to 

15 the virus. 

The oligonucleotides above were dissolved 
in water at a concentration of 1 mg/mL and the 
following solutions were assembled. 



Solution 


Oligonucleotide 


Water 


#1 




2 0 |UL 


#2 


CV15, 1 uL 


19 


#3 


CV16, 1 


19 liL 


#4 


CV17, 1 |IL 


19 uL 


#5 


CV18, 1 jiL 


19 JJ.L 



20 

These solutions were heated at 95°C for 5 
minutes, then cooled at room temperature for 10 
minutes . The following master mix was assembled and 
mixed . 
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Component 


A mm i rt t~ 


10X DNA Pol Buffer 
(Promega, Ml 9 5 A) 


onn i it. 


Klenow exo- (1U/|J.L) 
(Promega M218B) 


12.5 |XL 


4 0 mM Sodium Pyrophosphate 
(Promega C350B) 


25 (J.L 


NDPK (lU/jXL) 


10 (XL 


lOuM ADP (Sigma A5285) 


2 0 (XL 


Water 


73 2.5 UL 



Twenty microliters of this solution were 
added to solutions 1-5 above after they had cooled, 
5 and then the resulting mixtures were heated at 37°C 
for 15 minutes. After this incubation, 4 jxL of each 
solution were added to 100 (XL of L/L reagent (Promega 
F2 02A) and the light production of the resulting 
solution was measured immediately using a Turner® TD 
10 20/20 luminometer. The following results were 
obtained . 



Solution sampled 


Relative light units 


#1 


13 . 07 


#2 


14 . 98 


#3 


14 .27 


#4 


28 . 25 


#5 


583 . 70 
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These results demonstrate that probes CV15- 
CV17 provide relatively low probe-alone light signals 
at 0.25U Klenow exo- per reaction but that probe 
CV18 -alone provides a very high relative light 
5 signal . The sequence of the CV18 probe can form a 
hairpin structure such that the terminal 3 ' bases 
hybridize to the sequence 5 ' TCGTGC 3' further towards 
the 5' end of the segment. Although probe CV17 could 
form the same structure, the terminal 3' base of the 

10 resulting structure would have a mispaired base. 

These data exemplify one of the guiding 
principles of appropriate probe design for this 
system: the probes should not be predicted to form 
stable hairpin structure and, in particular, should 

15 not be predicted to give such a structure with the 3 ' 
end of the probe producing a structure that forms a 
blunt end or 5' overhang in the fragment as they may 
act as a substrate for the depolymerizing enzyme. In 
addition, the probes used should not be predicted to 

20 form probe dimer structures with either blunt ends or 
5 1 overhanging ends because such probes can produce 
high probe-alone signals in the system and might make 
them unacceptable for use . 

Due to their low background, probes CV15- 

25 CV17 were then selected for further study. Equal 
volumes of oligonucleotides CV11 and CV12 were 
annealed together, as described earlier in this 
example, as were CV13 and 14. The annealed solutions 
of CV11 and CV12, and CV13 and CV14 were labeled 

30 CV11+12 and CV13+14, respectively. The following 
solutions were assembled. 



-98- 





Lvlj 


LV1D 


LV1 / 


L.VX1 + 12 


CV13+14 


CV(11+12) 

Heteirozycj 
Template 


Water 


#i 

















2 0 jjX 


#2 


1 (J.L 
















19 p-L 


#3 




1 fUL 













19 |iL 


#4 






1 H-L 











19 |iL 


#5 









1 p.L 








19 


#6 




— 











1 |iL 


19 p,L 


#7 


— 











1 (iL 





19 [ih 


#8 


1 








1 |IL 


~ 




18 HL 


#9 





1 |i,L 





1 JiL 



~ 




18 HL 


#10 


1 fXL 












1 (IL 


18 JUL 


#11 





1 \iJj 


_. 






1 (IL 


18 p.L 


#12 


1 |H.L 








1 JiL 




18 |J.L 


#13 




1 [iL 






1 |LlL 




18 \lLi 


#14 


1 |HL 






1 






18 (IL 


#15 






1 |1L 


1 |iL 






18 [iL 


#16 


1 










1 


18 (iL 


#17 






1 HL 






1 \IL 


18 [IL 


#18 


1 J^L 








1 [Lh 




18 (IL 


#19 






1 ]IL 




1 \IL 




18 p.L 



These solutions were heated at 95°C for 5 
minutes and then permitted to cool for 10 minutes at 
5 room temperature. A master mix solution was 

assembled as in described in this Example, containing 
Klenow exo- at a final concentration of 0.25U/20 (iL. 
After solutions 1-19 had cooled, 20 uL of the master 
mix solution were added and the resulting solution 
10 heated at 37°C for 15 minutes. After this incubation, 
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duplicate 4 uL samples of solutions 2-19 and a single 
sample of solution 1 were taken, added to 100 uL of 
L/L reagenb (Promega, F202A) and the light production 
of the mixture measured immediately using a Turner® 
5 TD 20/20 luminometer. The following results were 
obtained . 



Relative light units 


Sol lit" "i nn 




Reading 2 


4+ -1 

TT 1 


1 n ^"5 




■)+■<£ 


I 1 -i c 

II • j j 


12 . 16 


#3 

TT -J 


in to 




iid. 


1 / . / U 


16.76 


#5 


12 78 


1 1 . 1 z 


#6 


11.36 


11 .48 


#7 


12 .38 


12 . 16 


#8 


348 . 3 


369 . 3 


#9 


73 . 11 


74 .48 


#10 


289 . 5 


283 . 6 


#11 


509 . 8 


364 . 0 


#12 


120 . 2 


108 . 6 


#13 


785 .4 


595 . 7 


#14 


764 . 3 


763 . 3 


#15 


77.25 


73 .22 


#16 


530.9 


541.2 


#17 


476 . 1 


419 . 6 


#18 


339.4 


262 . 7 


#19 


943 . 2 


964 . 0 
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The net relative light values for the data 
above were calculated as follows. The ratios 
reported in this example were determined by first 
averaging the results from matching samples, then 
5 determining the net light production from the 

matching and mismatching samples and dividing the net 
light production from the matching reaction by that 
seen in the mismatch reaction. The net light 
production was determined by subtracting the 

10 estimated light contribution from the probes arid 
template present in the reactions from the total 
light produced. The light production from the 
template reaction was considered to be the total of 
that contributed from the template specifically and 

15 that contributed by contaminating ATP from various 
components. The net increase from the probes alone 
was calculated by subtracting the average "No DNA" 
values from the probe values since this subtracts the 
contributions from contaminating ATP from the probe 

2 0 values. Thus, the formula used to determine the net 
light production from the reactions was: 

Net Light = Total light - [(target alone) 
+ (probe alone - No DNA) ] 
These values were used to determine the 

2 5 signal ratio by dividing the signal from the "C" 

allele probe by the signal from the "T" allele probe. 
The results of these calculations are presented in 
the tables below, wherein "WT" indicates the wild 
type genotype . 



30 
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Probes Interrogate the Same 
DNA Strand 




Probes Interrogate Different 
DNA Strands 


Template Genotype 




Template Genotype 


Probe 


C/C 


C/T 


T/T 






C/C 


C/T 


T/T 


WT Probe 
(CV15) 


345 . 5 


274 . 0 


100 . 8 




WT Probe 
(CV15) 


745 .1 


518 . 0 


282 . 1 


Mutant 
Probe 
(CV1S) 


60.5 


424 . 3 


677 




Mutant 
Probe 
(CV17) 


61. 9 


435.0 


940 


Ratio 


5 . 7 


1.5 


0 . 15 




Ratio 


12 


1 . 2 


0 . 33 



These data demonstrate that, for this 
particular SNP, probes that detect the polymorphism 
that bind to different strands provide the signal 
5 ratio closest to 1.0 when both nucleic acid targets 
are present in the reaction (as occurs for samples 
heterozygous for a particular allele) . However 
either set of probes give clearly different signals 
depending upon the genotype of the sample DNA . 

10 

CV11 

5 ' CGCTTCTACCACGAATGCTCGCAGACCATGCTGCACGAATACGTCAGAAAG 
AACGTGGAGCGTCTGTTGGAGCT 3' SEQ ID NO : 1 

15 CV12 

5 ' CCAACAGACGCTCCACGTTCTTTCTGACGTATTCGTGCAGCATGGTCTGCG 
AGCATTCGTGGTAGAAGCGAGCT 3 ' SEQ ID NO : 2 



20 



CV13 

5 ' CGCTTCTACCACGAATGCTCGCAGATCATGCTGCACGAATACGTCAGAAA 
GAACGTGGAGCGTCTGTTGGAGCT 3' SEQ ID NO : 3 
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CV14 

5 ' CCAACAGACGCTCCACGTTCTTTCTGACGTATTCGTGCAGCATGATCTGCG 
AGCATTCGTGGTAGAAGCGAGCT 3' SEQ ID NO : 4 

5 CV15 5 ' CTACCACGAATGCTCGCAGAC 3' SEQ ID NO : 5 

CV16 5' CTACCACGAATGCTCGCAGAT 3' SEQ ID NO : 6 

CV17 5' TGACGTATTCGTGCAGCATGG 3' SEQ ID NO : 7 

10 

CV18 5' TGACGTATTCGTGCAGCATGA 3' SEQ ID NO : 8 

Example 2 : Detection of DNA Sequences in 
15 the Genome of Listeria. Species 

This example provides an assay for the 

presence of DNA sequences present in the genome of 

Listeria in a gene known as the lap gene. 

Oligonucleotides LM1 (SEQ ID NO: 9) and LM2 (SEQ ID 

2 0 NO: 10) encode a segment of the iap gene and are 

exactly complementary to each other. Oligonucleotide 

probe LM3 (SEQ ID NO: 11) was designed to hybridize 

exactly with a region of target LM2 , and probe LM4 

(SEQ ID NO: 12) was designed to hybridize exactly to 

2 5 target LM1 . 

Oligonucleotides LM1-LM4 were dissolved in 
TE buffer (10 raM Tris, 1 mM EDTA, pH8.0) at a 
concentration of 50 0 (Ltg/mL and then were diluted 25- 
fold in TE buffer to obtain solutions at a DNA 

3 0 concentration of 2 0 ng/jj.Ij. The following solutions 

were assembled. 
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Solution 


Oligonucleotides 


IX TE 
Buffer 


#1 


LM1, 10 


10 


#2 


LM2 , 10 nL 


10 JJ.L 


#3 


LM3 , 10 jiL 


10 JIL 


#4 


LM4, 10 uL 


10 |AL 


#5 


LM1, 10 (IL; LM3, 10 |XL 




#6 


LM1, 10 j^L; LM4, 10 




#7 


LM2, 10 HL; LM3 , 10 jiL 




#8 


LM2, 10 JXL; LM4 , 10 \lL 




#9 




2 0 uL 



These solutions were heated at 95°C for 3 
minutes, then permitted to cool at room temperature 
5 for 15 minutes. 



The following master mix was assembled. 



Component 


Volume/reaction 


Nanopure water (Promega AA3 99) 


12.75 |U,L 


10X DNA Polymerase Buffer (Promega 
M195A) 


2 jj,L 


40 mM Sodium Pyrophosphate (Promega 
C113) 


0.25 UL 


ADP , 2 UM* 


1 |-iL 


NDPK, 0.1U/uL** 


1 (4.L 


Klenow Exo- 10U/p.L (Promega M218) 


1 U.L 



* Made by dissolving Sigma A52 85 in water. ** Made 
by dissolving Sigma N03 79 in water. 

10 
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After solutions 1-9 had cooled, 2 }iL 
samples of the solution were added to 18 uL of the 
master mix, in triplicate, the resulting solutions 
were mixed and incubated at 37°C for 15 minutes. 
5 After this incubation, the tubes were placed on ice. 
Once all the incubations were on ice, 2 0 uL of the 
contents of the tubes were added to 100 p,L of L/L 
reagent (Promega, P202A) and the light production of 
the resulting reaction was measured immediately using 
10 a Turner® TD 20/20 luminometer. The following data 
were obtained. 



Relative light units 


Solution 


Target 


Probe 


Reading 1 


Reading 2 


Reading 3 


Avg . 


#1 


LM1 




70 . 3 


69 . 7 


69.0 


69 . 7 


#2 


LM2 




39.6 


40 . 8 


45.3 


41.9 


#3 




LM3 


12 .2 


12 .4 


13 .2 


12 . 6 


#4 




LM4 


16 . 9 


17 . 3 


17 . 4 


17 . 2 


#5 


LM1 


LM3 


57 . 7 


76.5 


72 . 7 


69 . 0 


#6 


LM1 


LM4 


1814 


1815 


1761 


1797 


#7 


LM2 


LM3 


55 . 72 


61 . 1 


57 . 59 


58 . 5 


#8 


LM2 


LM4 


57 . 5 


72 . 4 


79 . 3 


73 . 1 



These data show that LM4 produces a strong 
15 signal in the reaction with LM1 and thus can be used 
to detect this DNA sequence. 

Oligonucleotides LM1 and LM2 were diluted 
to 2 ng/ui in IX TE buffer. These materials were 
also used to create the following solutions in 
20 triplicate. 
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Solution 


LM1 


LM2 


LM3 


LM4 


IX TE 


#1 


5 J^L 


5 UL 






10 JJ.L 


#2 


5 JIL 


5 \lJj 


10 (iL 






#3 


5 JJ,L 


5 HL 




10 J0.L 





These solutions were heated to 95°C for 10 
minutes, then permitted to cool for 15 minutes at 
room temperature. 
5 A master mix was made as described earlier 

in this example. After cooling at room temperature, 
2 fxL of each solution were added to an 18 uL sample 
of this master mix, and the resulting solutions were 
incubated at 37°C for 15 minutes. After this 
10 incubation, 2 U.L of the solution were added to 100 jj.L 
of L/L reagent (Promega, F2 02A) and the light 
produced was immediately read using a Turner® TD 
20/20 luminometer. The following results were 
obtained . 

15 



Relative light units 


Solution 


Reading 
1 


Reading 
2 


Reading 
3 


Avg . 


NLU* 


#1 


754 .4 


727.8 


752 . 7 


745.0 




#2 


857 .4 


801 . 0 


852.3 


836 . 9 


91 . 9 


#3 


1185 


1211 


1192 


1196 


451 



* Net light units {NLU) were calculated by 
subtracting the no probe reaction average (#1) from 
the specific probe reaction values. 



2 0 With both DNA template strands present, 

both probes provide signals above background. 
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The sequences used were as follows : 

LM1 

5 ' GAAGTAAAACAAACTACACAAGCAACTACACCTGCGCCTAAAG 
5 TAGCAGAAACGAAAGAAACTCCAGTAG 3 ' SEQ ID NO : 9 

LM2 

5 ' CTACTGGAGTTTCTTTCGTTTCTGCTACTTTAGGCGCAGGT 
GTAGTTGCTTGTGTAGTTTGTTTTACTTC 3' SEQ ID NO: 10 

10 

LM3 5' GCAACTACACCTGCGCCTAAAGTAGCAGAA 3' 

SEQ ID NO: 11 

LM4 5 ' TTCTGCTACTTTAGGCGCAGGTGTAGTTCG 3 ' 
15 SEQ ID NO: 12 

Example 3 : Detection of Segments of 
the Listeria, hyl Gene 

In this example, a method is described for 

2 0 the detection of a segment of the hyl gene from 

Listeria, mono cyo tog ene s . 

Oligonucleotides LM5 (SEQ ID NO: 13) and IMG 
(SEQ ID NO: 14) anneal exactly to create a region of 
the hyl gene. LM7 (SEQ ID NO: 15) and LM8 (SEQ ID 
25 NO: 16) oligonucleotides are used as interrogation 

probes with LM7 completely complementary to LM6 and 
LM8 completely complementary to LM5 . 

Oligonucleotides LM5-8 were dissolved in IX TE buffer 
at a concentration of 500 ug/mL and then were diluted 

3 0 25 fold in TE buffer to obtain solutions at a DNA 
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concentration of 2 0 ng/)aL. The following solutions 
were assembled. 



Solution 


Oligonucleotides 


IX TE Buffer 


#1 


LM5 , 10 jaL 


10 uL 


#2 


LM6 , 10 juL 


10 


#3 


LM7 , 10 |aL 


10 uL 


#4 


LM8, 10 uL 


10 jJ.L 


#5 


LM5, 10 (aL; LM7 , 10 ui 




#6 


LM5, 10 JJ.L; LM8 , 10 \XL 




#7 


LM6 , 10 jlL; LM7 , 10 J0.L 




#8 


LM6, 10 ^lL; LM8 , 10 \xL 




#9 




2 0 |0,L 



5 These solutions were heated at 95°C for 3 

minutes, then permitted to cool at room temperature 
for 15 minutes. 

The following master mix was assembled. 



Volume/reaction 


Nanopure water (Promega AA3 99) 


12.75 JUL 


10X DNA Polymerase Buff er ( Promega M195) 


2 UL 


40 mM Sodium Pyrophosphate (Promega C113) 


0.2 5 uL 


ADP, 2 \xM* 


1 jJ,L 


NDPK, O.lU/uL** 


1 uL 


Klenow Exo- lOU/uL (Promega M128) 


1 JJ.L 



10 * Made by dissolving Sigma A52 85 in water. ** Made 
by dissolving Sigma N03 79 in water. 
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After solutions 1-9 had cooled, triplicate 
2 )i.L samples of the solution were added to 18 |j.L 
master mix and the resulting solutions were mixed and 
incubated at 3 7°C for 15 minutes. After this 
5 incubation, the tubes were placed on ice. Once all 

the incubations were on ice, 2 0 (J.L of the contents of 
the tubes were added to 10 0 \xL of L/L reagent 
(Promega F202A) and the light production of the 
resulting reaction was measured immediately using a 
10 Turner® TD 20/20 luminometer. The following data 
were obtained. 



Relative light units 


Solution 


Reading 1 


Reading 2 


Reading 3 


Avg. 


Net Ave 


#1 


28 . 53 


29. 62 


30 . 0 


29.41 




#2 


81.30 


75 . 12 


74 .68 


77 . 03 




#3 


19.88 


13.12 


12.80 


15.26 




#4 


132S 


1273 


1216 


1271 




#5 


37 .24 


36 . 40 


36 . 77 


36 . 80 


3 . 78 


#6 


2582 


2336 


2169 


2362 


1089 


#7 


90 . 74 


90.83 


90.64 


90 . 64 


9 . 97 


#8 


1596 


1671 


1787 


1684 


347 . 6 


#9 


12 .33 


11 . 16 


11.48 


11.66 





15 The above data indicate that at least 

oligonucleotide LM8 can be used to detect the target 
gene sequence represented in LM6 . 

Oligonucleotides LM5 and LM6 were diluted 
to 2 ng/uL in IX TE buffer (10 mM Tris, 1 mM EDTA, pH 
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8.0) . These materials were also used to create the 
following solutions in triplicate. 



Solution 


LM5 


LM6 


LM7 


LM8 


IX TE 


#1 


5 uL 


5 |XL 






10 |UL 


#2 


5 |lL 


5 |XL 


10 (iL 






#3 


5 


5 pL 




10 J^L 





5 These solutions were heated to 95°C for 10 

minutes, and then cooled for 15 minutes at room 
temperature . 

Then 2 (iL of the solutions were added to 
triplicate 18 uL samples of the master mix and then 

10 the resulting solutions were incubated at 3 7°C for 15 
minutes. After this incubation, 2 uL of the solution 
were added to 100 |aL of L/L reagent (Promega, F2 02A) 
and the light produced was immediately read using a 
Turner® TD 2 0/20 luminometer. The following results 

15 were obtained. 



Relative light units 


Solution 


Reading 1 


Reading 2 


Reading 3 


Avg. 


NLU * 


#1 


442 . 5 


431. 8 


432 .2 


435 . 5 




#2 


576 . 1 


544.6 


580.1 


566.9 


115 . 7 


#3 


1779 


1837 


1908 


1841 


1405 



*Net light units (NLU) determined by subtraction 
of probe alone values (see table above) and solution 
#1 values from the average light units measured. 



20 

These results demonstrate that specific 

detection of the segment of the hyl gene sequence 

from Listeria, can be performed using the components 
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described above. Because this gene sequence is 
specific for Listeria, this indicates that the 
components can be used for specific detection of 
Listeria DNA. 

5 

LM5 

5 ' CATCGACGGCAACCTCGGAGACTTACGAGATATTTTGAAAAAA 
GGCGCTACTTTTAATCGAGAAACACCA 3' SEQ ID NO: 13 

10 LM6 

5 ' TGGTGTTTCTCGATTAAAAGTAGCGCCTTTTTTCAAAATATCT 
CGTAAGTCTCCGAGGTTGCCGTCGATG 3' SEQ ID NO : 14 

LM7 5' CTCGGAGACTTACGAGATATTTTGAAAAAA 3' SEQ ID NO: 15 

15 

LM8 5' TTTTTTCAAAATATCTCGTAAGTCTCCGAG 3' SEQ ID NO: 16 



20 



25 



Example 4: Detection of a DNA Sequence 
from Salmonella 

In this example, a method for detection of 

a gene sequence from Salmonella is provided. 

Oligonucleotides ST1 (SEQ ID NO:17), ST2 

(SEQ ID NO:18), ST3 (SEQ ID NO:19), and ST4 (SEQ ID 

NO: 20) were dissolved in IX TE buffer to 500 y.g/\iL 

and then were diluted 25 fold in IX TE buffer to 

obtain solutions at a DNA concentration of 20 ng/pL. 

The following solutions were prepared. 



Solution 



Oligonucleotides 



IX TE Buffer 
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Solution 


Oligonucleotides 


IX TE Buffer 


#1 


ST1, 10 }*L 


10 \xL 


#2 


ST2, 10 |lL 


10 jlL 


#3 


ST3 , 10 JXL 


10 uL 


#4 


ST4, 10 |aL 


10 j_lL 


#5 


ST1, 10 JJ.L; ST3 , 10 |UL 




#6 


ST1, 10 j_lL; ST4, 10 jiL 




#7 


ST2, 10 uL; ST3 , 10 |iL 




#8 


ST2, 10 (lL; ST4 , 10 uX, 




#9 




2 0 jaL 



These solutions were heated at 95°C for 3 
minutes, then permitted to cool at room temperature 
for 15 minutes . 

The following master mix was assembled. 



Component 


Volume/ reaction 


Nanopure water (Promega AA3 99) 


12.75 uL 


10X DNA Polymerase Buffer (Promega 
M195) 


2 


4 0mM Sodium Pyrophosphate (Promega 
C113) 


0.25 p,L 


ADP , 2 |U,M* 


1 |!L 


NDPK, O.lU/faL** 


1 JJ.L 


Klenow Exo- 10U/|J.L (Promega M12 8) 


1 U.L 



* Made by dissolving Sigma A5285 in water. ** Made 
by dissolving Sigma N0379 in water. 



After solutions 1-9 had cooled, three 2 jih 
samples of the solution were added to 18 |j.L of the 
master mix and the resulting solution was mixed and 
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incubated at 37°C for 15 minutes. After this 
incubation, the tubes were placed on ice. Once all 
the incubations were on ice, 2 0 jaL of the contents of 
the tubes were added to 100 UX, of L/L reagent, and 
5 the light production of the resulting reaction was 
measured immediately using a Turner® TD 2 0/20 
luminometer. The following data were obtained. 



Relative light units 


Solution 


Reading 1 


Reading 2 


Reading 3 


Avg. 


Net Avg. 


#1 


18 .28 


18 .27 


17.97 


18 . 17 




#2 


231.9 


211.4 


226 . 3 


223 .2 




#3 


11 . 58 


12 . 56 


11.34 


11 . 83 




#4 


14 . 00 


14 .48 


14 .88 


14 .45 




#5 


21.31 


21.20 


19 .44 


20 . 65 


2 . 18 


#6 


3003 


2943 


2918 


2955 


2933 


#7 


2780 


2782 


2641 


2734 


2510 


#8 


256.4 


269 . 9 


271. 1 


265 . 8 


39.67 


#9 


11.63 


11.39 


11.56 


11. 52 





10 These data indicate that both 

oligonucleotide probes ST3 and ST4 can give a very- 
strong specific light signals with single strand 
target DNA sequence from Salmonella. 

Oligonucleotides ST1 and ST2 were diluted 

15 to 2 ng/^L in IX TE buffer (lOmM Tris, ImM EDTA, pH 
8.0) . These materials were also used to create the 
following solutions in triplicate. 



Solution 


ST1 


ST2 


ST3 


ST4 


IX TE 


#1 


5 UL 


5 UL 






lOul 
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#2 


5 uL 


5 |LlL 


10 ui 






#3 


5 |IL 


5 |J,L 




10 |LiL 





These solutions were heated to 95°C for 10 
minutes, then permitted to cool for 15 minutes at 
room temperature . 

A master mix was made as described earlier 
in this example. After cooling at room temperature, 
2 JJ.L of each solution were added to an 18 JJ.L sample 
of this master mix, and then the resulting solutions 
were incubated at 3 7°C for 15 minutes. After this 
incubation, 2 ul of the solution were added to 100 uL 
of L/L reagent and the light produced was immediately 
read using a Turner® TD 2 0/20 luminometer. The 
following results were obtained. 





Relative light units 


Solution 


Reading 1 


Reading 2 


Reading 3 


Avg. 


NLU * 


#1 


592 . 5 


728 . 9 


678 . 3 


699 . 9 




#2 


2448 


2389 


2311 


2382 


1683 


#3 


1742 


1778 


1738 


1752 


1053 



*Net light units {NLU) were determined by 
subtraction of probe alone values (see table above) 
and solution #1 values from the average light units 
measured . 

20 

These data demonstrate that oligonucleotide 
probes ST3 and ST4 provide specific detection of the 
DNA target sequence from Salmonella even if both DNA 
strands are present . 

25 

Sequences used were as follows : 
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ST1 

5 ' TTTAATTCCGGAGCCTGTGTAATGAAAGAAATCACCGTCACTG 
AACCTGCCTTTGTCACC 3' SEQ ID NO: 17 

5 ST2 

5 ' GGTGACAAAGGCAGGTTCAGTGACGGTGATTTCTTTCATTACACAGGCT 
CCGGAATTAAA 3' SEQ ID NO: 18 

ST3 5' TGTGTAATGAAAGAAATCACCGTCACTGAA 3' 
10 SEQ ID NO: 19 

ST4 5' TTCAGTGACGGTGATTTCTTTCATTACACA 3' 

SEQ ID NO: 20 

15 Example 5: Detection of a Specific 

Message by Use of a DNA Probe Exactly 
Matching the Message Sequence and Lack 
of a Signal when the DNA Probe is 
Mismatched at Its 3' End 

20 In this Example, a lucif erase light signal 

is generated from pyrophosphorylation of a DNA probe 

that complements the sequence of a target RNA 

species. In addition, evidence is presented to 

demonstrate that this signal is not generated if the 

2 5 3' -terminal base of the probe does not complement the 

RNA base in the target sequence. These data 
demonstrate that probe pyrophosphorylation can be 
used to detect the presence of specific target RNA 
sequences and that mutations at specific bases in the 

3 0 target sequence can be detected by use of probes that 

should match the base but that do not give a signal 
with the message. 
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A master mix was assembled that contained: 



Capped Kanamycin RNA (0.62 


mg/mL) 


1.25 p-L 


5X MMLV Reaction Buffer 




50 JU.L 


4 0 mM Sodium Pyrophosphate 




2.5 (XL 


10 jxM ADP 




2.5 uL 


NDPK (1 U/uL) 




5 (XL 


MMLV-RT (20 0 U/uL) (Promega, 


M1701) 


12 . 5 (XL 


Nanopure water 




163 . 75uL 



10 Probes one through four were dissolved at a 

concentration of Img/mL in IX TE buffer. 

Probe 1 (SEQ ID NO: 21) was designed to 
exactly complement a segment of the coding region of 
the Kanamycin RNA. Probe 2 (SEQ ID NO:22), Probe 3 

15 (SEQ ID NO: 23) and Probe 4 (SEQ ID NO: 24) were 

designed to match the sequence of Probe 1 except that 
the 3 '-terminal base of the probe was altered to one 
of each of the other three DNA bases at this 
position . 

2 0 Nineteen microliters of the master reaction 

mix were placed in 10 labeled 0 . 5 mL microfuge tubes 
and the following additions were made to the tubes : 
Tubes 1 and 2, 1 (XL IX TE buffer; Tubes 3 and 4 , 1 uL 
Probe 1; Tubes 5 and 6, 1 jllL Probe 2; Tubes 7 and 8, 

25 1 ixL Probe 3; and Tubes 9 and 10, 1 |XL Probe 4. The 
10 0.5 mL microfuge tubes were incubated at 37°C for 
20 minutes to hybridize and form treated samples. 
Thereafter, 2 ju.L of the contents of the tubes were 
added to 100 jiL L/L reagent (Promega, F202A) and the 
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light output of the reagent was measured using a 
luminometer. The following data were collected. 



Solution 


Relative Light 
units 


± 


O Q O Q 

j . y o y 




J . 4 DO 


3 


49 . 95 


4 


52 .24 


5 


3 . 779 


6 


3 . 727 


7 


4 .394 


8 


4 . 163 


9 


7. 879 


10 

1 


7. 811 



5 These data show that MMLV-RT is able to 

pyrophosphorylate a DNA probe that hybridized to a 
target RNA sequence and that the free nucleoside 
triphosphates that are formed are converted to ATP 
equivalents that can be measured using lucif erase. 
10 In addition, the data show that this signal is either 
absent or much weaker (solutions 1,2,5,6,7,8,9,10) 
when a probe with a 3 ' mismatch to the expected base 
is used in the reaction (compare to tubes 3 and 4) . 



Probe 1 


SEQ ID NO: 21 


5 ' GCAACGCTACCTTTGCCATGTTTC 3 ' 


Probe 2 


SEQ ID NO: 22 


5 ' GCAACGCTACCTTTGCCATGTTTG 3 1 


Probe 3 


SEQ ID NO: 23 


5 ' GCAACGCTACCTTTGCCATGTTTA 3 1 


Probe 4 


SEQ ID NO: 24 


5 ■ GCAACGCTACCTTTGCCATGTTTT 3 ' 
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Example 6% Detection of a Specific RNA: 

Globin mRNA 

5 

In this Example, the light signal produced 
from pyrophosphorylation of DNA probes that are 
complementary to two regions of globin mRNA is 
compared to the signals from two DNA probes that are 

10 the exact sequence of the same regions. Once again, 
probes that totally complement the target RNA are 
shown to give a signal above background, whereas 
those that do not complement the target RNA give 
little or no signal. 

15 Probe 5 (SEQ ID NO:25), Probe 6 (SEQ ID 

NO:26) , Probe 7 (SEQ ID NO:27), and Probe 8 (SEQ ID 
NO: 28) were diluted to a concentration of 0.5 mg/mL 
in IX TE buffer (10 mM Tris, 1 mM EDTA) . Purified 
globin mRNA (Gibco BRL, 18103-028) as target was 

2 0 dissolved in IX TE buffer (10 mM Tris, 1 mM EDTA) to 
a concentration of 20 ng/|U.L. 

Hybridization solutions were assembled as 

follows : 



Solution 


1 : 


10 


jj.L 


Probe 


Solution 


2 : 


10 


uL 


Probe 


Solution 


3 : 


10 


uL 


Probe 


Solution 


4 : 


10 


UL 


Probe 


Solution 


5 : 


10 


uL 


Probe 


Solution 


6 : 


10 


uL 


Probe 


Solution 


7 : 


10 


f4,L 


Probe 



5 and 10 uL Globin mRNA 

6 and 10 uL Globin mRNA 

7 and 10 ui Globin mRNA 

8 and 10 uL Globin mRNA 

5 and 10 uL IX TE buffer 

6 and 10 uL IX TE buffer 

7 and 10 U-L IX TE buffer 
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Solution 8: 10 ja,L Probe 8 and 10 fxL IX TE buffer 

Solution 9: 10 p,L IX TE buffer, 10 uL Globin mRNA 

These solutions were assembled in 0.5 mL 
5 tubes, heated to 50°C for 15 minutes and permitted to 
cool to room temperature for 15 minutes. 

The following master reaction mixture was 

assembled : 



Nanopure water 


346.5 |J,L 


MMLV-RT 5X Reaction Buffer (Promega 
M195A) 


132 |XL 


Sodium pyrophosphate (Promega M531) 


16.5 uL 


NDPK (1 U/lJ-L) 


3 3 uL 


ADP (2 |JM) 


3 3 }J.L 


MMLV-RT (adjusted to 100 U/|iL) 
(Promega, M1701) 


3 3 j-lL 



10 

The solution above was mixed and 18 p.L 
placed into 27 tubes. Three two-microliter samples 
of each of the hybridization solutions above were 
added in three of the tubes containing the master 

15 reaction mix and the tubes were then incubated at 37°C 
for 15 minutes and permitted to cool to room 
temperature to hybridize and form treated samples . 
The contents of the tubes were then added to 100 JJ.L 
of L/L reagent and the light production of the 

2 0 resulting reaction was measured immediately using a 

luminometer (Turner® TD2 0/2 0) . The following results 
were obtained: 
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Hybridization 
Solution 


Light Values 


Average 


Probe 5 + RNA 


6 . 555 


6 .303 


6 . 187 


6 . 348 


Probe 5 + TE 
Buffer 


6 .335 


5.923 


6 . 046 


6 . 101 


Probe 6 + RNA 


13 7.8 


128 . 5 


169 . 2 


145 . 2 


Probe 6 + TE 
Buffer 


10 .24 


9 .429 


9 . 858 


9 . 842 


Probe 7 + RNA 


6 . 235 


6 .763 


6 .375 


6 .458 


Probe 7 + TE 
Buffer 


6 .436 


6 . 545 


6 . 138 


6 .388 


Probe 8 + RNA 


90 .34 


95.42 


54 . 7 


80 . 15 


Probe 8 + TE 
Buffer 


10 . 21 


12.55 


9.372 


10 . 71 


TE Buffer + RNA 


5 . 579 


6 . 509 


6.388 


6 . 159 



These data show that a strong light signal 
is seen when the reaction mixes containing probes 6 
or 8 and target RNA were added to the L/L reagent but 
5 little signal was seen when the probes were incubated 
without target RNA, or when the target RNA was 
incubated without these probes. In addition, probes 
5 and 7 provided very low signals in the presence or 
absence of added target RNA. Probes 6 and 8 were 

10 designed to complement two different regions in the 
coding region of globin mRNA. Probes 5 and 7 were 
made to exactly mimic the sequence of these same 
target RNA regions. Thus, these data provide a 
second example of how the pyrophosphorylation of a 

15 probe can be used to detect a specific RNA. 
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Probe 5 


SEQ ID NO: 25 


5 ' ATGGTGCAT CTGTCCAGTGAGGAGAA 
GTCT3 1 


Probe 6 


SEQ ID NO : 26 


5 ! AGACTTCTCCTCACTGGACAGATGCA 
CCAT3 ' 


Probe 7 


SEQ ID NO: 27 


5 ' GCTGCTGGTTGTCTACCCATGGACCC 
3 ' 


Probe 8 


SEQ ID NO: 28 


5 ' GGGTCCATGGGTAGACAACCAGCAGC 
3 ' 



Example 7: Specific Detection of RNA: 

5 Comparison of Signals from RNA Species 

that Match Probe Sequences in 
Reactions With and Without Added 
Extraneous Target RNA 

For the pyrophosphorylation reaction 

10 described in Example 8 to be used to detect specific 
target sequences, another requirement of the system 
is that the probes should give a very similar signal 
in the presence and absence of extraneous RNA. In 
this example, the strength of the signal of probes 

15 designed to detect target globin mRNA in the presence 
of a large amount of yeast RNA is compared to the 
signal seen in the absence of added yeast RNA. 
Hybridization solutions containing various levels of 
yeast RNA, Probe 6 (SEQ ID NO: 26) or Probe 8 (SEQ ID 

20 NO: 28) and target globin mRNA (Gibco BRL, 18103-028) 
were assembled by adding 5 jiL 500 ng/uL either probe 
6 or probe 8 to 5jaL 4 0 ng/|xL of target globin mRNA 
and 10 (XL yeast RNA (Sigma Chemical Co. R362 9) in IX 
TE buffer (10 mM Tris, 1 mM EDTA) to produce 

25 solutions containing total amounts of yeast RNA of 0, 
2, 20, 200, 400, and 800 ng . The solutions were 
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heated at 50°C for 15 minutes and then permitted to 

cool to room temperature for 15 . 

Reaction master mix was assembled as in 

Example 2 above and 18 (J.L of the mix were placed in 
5 18 tubes. After cooling 15 minutes, 2 fxL of the 

various hybridization solutions containing probe 6 

were added to the tubes and the tubes were placed in 

a 3 7°C heating block. 

After 15 minutes of incubation of the 
10 hybridization mixture with the reaction master mix, 

2 0 uL of the solution were added to 10 0 fiL of L/L 

reagent (Promega, F202A) and the light output of the 

resulting reaction was measured using a Turner® TD- 

2 0/20 lurainometer . 
15 After the probe 6 data were collected, an 

identical set of reactions was performed using the 

hybridization solutions containing probe 8 . The 

following data were obtained: 



Probe 6 Reactions 



Yeast RNA 


relative light units 


Average 


None 


96 


109 


111 


105.3 


2 ng 


98 .4 


85 . 0 


118 . 5 


100 . 7 


2 0 ng 


117 . 9 


110 . 9 


82 . 7 


103 . 65 


20 0 ng 


56 .4 


110 . 1 


93 . 2 


86 . 6 


400 ng 


115 . 7 


110 . 7 


124 . 6 


117 


8 00 ng 


127 . 6 


128 .7 


143 . 1 


133 . 1 
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Probe 8 Reactions 



Yeast RNA 


relative light units 


Average 


None 


105.8 


97. 0 


82.3 


95 . 0 


2 ng 


84.5 


84 . 6 


93 . 7 


87 . 6 


2 0 ng 


99 . 6 


111.7 


104 . 9 


105.4 


200 ng 


83 . 6 


75 . 9 


95 . 6 


85 . 1 


4 00 ng 


94 .7 


97 .2 


81.9 


91.2 


800 ng 


50 . 7 


89 . 0 


82 . 1 


73 . 9 



These data indicate that addition of very 
large amounts of yeast RNA to the hybridization 
5 reaction does not greatly lower the signal from 

hybridized probes for specific target RNA species. 



Probe 6 


SEQ ID 
NO: 26 


5 ' AGACTTCTCCTCACTGGACAGATGCACC 
AT 3 1 


Probe 8 


SEQ ID 
NO : 2 8 


5 ■ GGGTCCATGGGTAGACAACCAGCAGC3 ' 



10 Example 8 : Initial Detection Limit 

For Plasmid Target DNA By Use Of 
Probe Pyrophosphorylation 

In the previous two examples, plasmid 

target DNA was specifically detected using probes 

15 that hybridized to a target sequence in the DNA. In 

this example, a titration of target DNA is carried 

out in the pyrophosphorylation reaction to determine 

the level of DNA needed to obtain a signal from this 

reaction . 
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The Sph I cut target pKAN DNA (40,000 
pg/uL) was serially diluted using nuclease-f ree water 
to obtain concentrations of 10,000, 2,500, 625, 156 
and 3 9 pg/jJ.L. Duplicate solutions containing 1 uL 
5 each of these DNA target solutions, 1 |U.L Probe 1 (SEQ 
ID NO: 21} and 18 (iL nuclease-f ree water were 
assembled as were a pair of solutions containing 1 uL 
Probe 1 and 19 p,L of nuclease-f ree water. All of 
these solutions were heated at 95°C for 3 minutes and 
10 then cooled for 10 minutes to room temperature to 
permit hybridization and form a treated sample. 
A 2X Master Mix was assembled as follows : 

4 0 uL 10x DNA Polymerase buffer (Promega, M195A) 
15 10 uL 40 mM Sodium Pyrophosphate 

10 jj,L (10 U/|aL) Klenow exo minus DNA Polymerase 
(Promega, M128B) 

2 uL NDPK at a concentration of 1 U/|J.L 

4 uL 10 u.M ADP 
20 134 uL nuclease-f ree water 

The Master Mix components were mixed and 2 0 
jaL 2X Master Mix were added to each of the solutions 
and incubated at 3 7°C for 2 0 minutes. A sample 
25 containing 4 uL of the solution was then added to 100 
uL of L/L reagent (Promega, F2 02A) and the light 
produced by the reaction was immediately measured 
using a Turner® 2 0/2 0 luminometer. The following 
data were obtained. 



30 
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Data Table 


Reaction 


DNA Assayed* 


Light Units 


#1 


4 o o u pg 


16 o . 4 


#2 


4 000 pg 


169.4 


11 —i 

#3 


1000 pg 


5 7.7 


#4 


10 0 0 pg 


77.9 


#5 


250 pg 


19.3 


#6 


250 pg 


21.1 


#7 


62.5 pg 


6 . 3 


#8 


62.5 pg 


6 . 4 


#9 


15.6 pg 


2 . 4 


#10 


15 . 6 pg 


2 . 3 


#11 


3.9 pg 


1.4 


#12 


3.9 pg 


1.4 


#13 


o pg 


1 . 1 


#14 


0 pg 


1 . 4 



*This number reflects that relative amount of DNA 



transferred to L/L solution. 



5 These data demonstrate that the detection 

limit for DNA by this reaction under these conditions 
is at least about 62.5 pg of DNA and is more likely 
about 15.6 pg of DNA or less. 



Probe 1 



SEQ ID NO: 21 



5 ' GCAACGCTACCTTTGCCATGTTTC3 



10 
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Example 9: Detection Of (3-galactosidase 
Target Sequences In Plasmids 

In this example, two probes are used that 

complement each other exactly. One of the probes 

matches the sequence of the (3-galactosidase gene 

exactly (sense orientation) and the other probe 

exactly matches the complementary strand (antisense 

orientation) of that gene. This example demonstrates 

that, whereas both probes can be used to detect the 

presence of the target (3-galactosidase gene in 

plasmid DNA, the level of background signal given by 

reactions containing only probe DNA can be very 

different . 

Probe 23 (SEQ ID NO: 29) and Probe 24 (SEQ ID 
NO: 30) were dissolved as described above to a 
concentration of 500 ng/}xL and then diluted in 
nuclease-f ree water to 100 and 20 ng/jiL. Plasmid 
pGEM7zf+ (Promega) was digested with Sac I (Promega) 
as the target and diluted to give a solution 
containing 2 0 ng of plasmid target DNA/jxL of 
solution . 

The following solutions were assembled: 



Solution 


Plasmid 
DNA 
(HL) 


Probe , 
Concentration 


H 2 0 
(M-L) 


#1 


1 


(none, 1 fih of 1 X TE 
buffer added) 


18 


#2 


0 


1 uli Probe 23, 500 ng/|U.L 


19 


#3 


0 


1 uXj Probe 23, 10 0 ng/^L 


19 


#4 


0 


1 \xL Probe 23, 20 ng/|iL 


19 
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Solution 


Plasmid 
DNA 
(JJIj) 


Probe , 
Concentration 


H 2 0 
({XL) 


#5 


1 


1 Probe 23, 500 ng/fiL 


18 


#6 


1 


1 (J.L Probe 23, 100 ng/fiL, 


18 


#7 


1 


1 uL Probe 23, 20 ng/|J.L 


18 


#8 


0 


1 jiL Probe 24, 500 ng/^iL 


19 


#9 


0 


1 (oXi Probe 24, 10 0 ng/fxL 


19 


#10 


0 


1 uL Probe 24, 2 0 ng/p,L 


19 


#11 


1 


1 |XL Probe 24, 500 ng/|J.L 


18 


#12 


1 


1 |a,L Probe 24, 100 ng/}xL 


18 


#13 


1 


1 fiL Probe 24, 20 ng/uL 


18 



These solutions were heated at 95°C for 3 
minutes, and cooled to room temperature to form 
hybrids and treated samples. Then, 20 [J.L of 2X 
5 Master Mix made as described in Example 8 were added 
and the solutions incubated for another 2 0 minutes at 
37°C. Four microliters of each solution were then 
added to 100 |xL of L/L reagent (Promega, F202A) and 
the light output of the reaction immediately measured 
10 using a Turner® TD2 0/20 luminometer. The following 
data were obtained. 



Reaction 


Light Output 


Net Light Output* 


#1 


2 . 8 




#2 


4 . 0 




#3 


1.9 




#4 


1 . 3 




#5 


52 .4 


45 . 6 
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Reaction 


Light Output 


Net Light Output* 


#6 


13 . 6 


8 . 9 


#7 


4 . 1 


0 


#8 


34 . 3 




#9 


6.6 




#10 


1 . 7 




#11 


59 . 8 


22 . 7 


#12 


19 .3 


9 . 9 


#13 


6 . 0 


1 . 5 



*Net light output is calculated by subtracting 
the probe alone and DNA alone values from that 
obtained with both components present . 

5 

These data indicate that both probes can be 
used to generate a signal indicating the presence of 
the target region encoding the P-galactosidase gene 
matching the probes is present in the plasmid. They 
10 also demonstrate that the level of signal produced 
* with a probe in the absence of target DNA can vary 

and that the signal from a probe and the complement 
of that probe are not necessarily equal . 



Probe 2 3 


SEQ ID NO: 29 


5 ' C AGT CACGACGT TGTAAAACGACGGC C 
AGT3 ' 


Probe 24 


SEQ ID NO: 30 


5 ' ACTGGCCGTCGTTTTACAACGTCGTGA 
CTG3 ' 



15 
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Example 10: Detection of Specific Target 
DNA Sequences On Lambda DMA 

In this example, detection of the target [i- 

galactosidase gene in the DNA of a recombinant Lambda 

5 phage is demonstrated. 

Duplicate solutions were made that 

contained: Solution 1 and 2, 1 uL 3 00 ng/uL of 

Lambda gtll DNA and 19 uL of nuclease-f ree water; 

Solution 3 and 4, 1 jaL 500 ng/p.L Probe 23 (SEQ ID 

10 NO: 29) and 19 pL nuclease-f ree water; Solution 5 and 
6, 1 |xL 300 ng/pL Lambda gtll DNA, 1 ul 500 ng/uL 
Probe 23, and 18 uL of nuclease-f ree water. All of 
these solutions were heated at 95°C for 3 minutes and 
then cooled to room temperature for 10 minutes to 

15 permit hybridization to occur between complementary 
strands and form treated samples. At this point, 20 
[4.1 of 2X master mix made as described in above in 
this example were added and the solutions incubated 
for another 2 0 minutes at 3 7°C. A 4 |uiL sample of each 

2 0 pyrophosphorolysis reaction was then taken and added 
to 10 0 uL of L/L reagent (Promega, F2 02A) and the 
light production of the solution immediately measured 
with a Turner® TD2 0/2 0 luminometer. The following 
data were obtained. 

25 



Reaction 


DNA Components 


Light 


Units 


#1 


Target Lambda DNA 


16 


. 5 


#2 


Target Lambda DNA 


7 „ 


4 


#3 


Probe 2 3 


2 . 


9 
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Reaction 


DNA Components 


Light Units 


#4 


Probe 23 


2 . 9 


#5 


Target Lambda DNA 
and Probe 23 


88 . 1 


#6 


Target Lambda DNA 
and Probe 23 


70 .4 



These data indicate that the 
pyrophosphorylation system can be used to detect a 
probe hybridized to specific target sequences on 



lambda gtll 


DNA. 




Probe 2 3 


SEQ ID 


5 ' CAGTCACGACGTTGTAAAACGACGGCCA 




NO: 29 


GT3 ' 


Example 11 : 


Detection 


of DNA Sequences in the 



Genome of Campylobacter jejuni 
Oligonucleotides 11453 (SEQ ID NO: 31) and 



11454 (SEQ ID NO: 33) are exactly complementary and 
can be annealed, thereby forming a synthetic target 

15 representing a 70 bp segment of Campylobacter jejuni. 
These two oligonucleotides were diluted in nanopure 
water to a final concentration of 10 |ng/mL. Four 
microliters of each were then mixed with 232 uL 10 mM 
Tris pH7 . 3 to yield a target solution of 0.3 ug/mL of 

20 DNA. Oligonucleotides 11451 (SEQ ID NO: 32) and 11450 
(SEQ ID NO: 34) are Campylobacter jejuni interrogation 
probes that bind to opposite strands of the bacterial 



